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new publication... 


... OF VITAL 
INTEREST 
TO ALL 
CONCERNED 
WITH 
BRONZE 


60 pages of informative reading, 
including useful data, tables, etc. 
and fully illustrated, dealing with 

CENTRIFUGALLY CAST 
CONTINUOUS CAST and 
SHELLCAST Bronze Materials ; 
also FINISHED MACHINED 
components. 


Please write for catalogue H.C. 60 to: 


JOHN HOLROYD & CO. LTD., 


P.O. Box No. 24, 
HOLFOS WORKS, 
ROCHDALE, LANCS., ENGLAND. ‘ 
Telephone : Rochdale 3155 
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Impression by courtesy of The Kirkstall Forge Engineering Ltd. 


heat 
treatment 
of 

steel bars and coils 


high velocity recirculating atmosphere 


FUEL FURNACES LTD. 


Shady Lane Great Barr Birmingham 22A 
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New modular 


makes ELectrontK potentiometers 


easier to use and maintain 


Now, four great new features add new operating and 4 A quick-connect feature permits removal of amplifier 
servicing ease to all ElectroniK circular and strip for service and its quick replacement. 


chart potentiometers. Now, modular design is combined with the tradi- 


balanci hart dri tionalised tional precision of ElectroniK potentiometers, to 
1 part give you a greater value than ever in accurate, 


two minutes. dependable measurement and control. 

A new constant voltage unit replaces For full details write to Honeywell Controls Ltd, 
batteries, standard cells and standardizing Ruislip Road East, Greenford, Middleser. 

mechanisms. WAXlow 2333. 

A new measuring circuit, with quick-change range spools, 


Honeywell 
Couttol 


SINCE 18665 


1 Balancing Motor 2 Constant Voltage Module 3 Measuring Circuit Module 4 Amplifier Module 
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CONTINUOUS 
BOGIE TYPE 
REHEATING FURNACE 


Illustrated is a Gas-fired Furnace 
supplied to Jessop Saville Ltd. 
Brightside Works, Sheffield, for 
reheating alloy steel ingots prior 


to rolling. 


We also specialise in the design 
and construction of :— 


Open Hearth Furnaces 
Soaking Pits of all types 


Continuous Multi-zone Bloom 
and Slab Re-heating Furnaces 


Continuous Bogie type Ingot 
and Slab Heating Furnaces 


Furnaces for Aluminium Melting, 
Coil Annealing and Slab Re-heating 


Forge and Heat Treatment Furnaces 
Stress Relieving Furnaces 
Shipyard Plate and Bar Furnaces 


PRIEST FURNACES LIMITED - LONGLANDS - MIDDLESBROUGH 


also at KELHAM ISLAND WORKS - SHEFFIELD 3 
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WE’RE THE PICTURE 


You can’t see us—not at this distance, but we are 
there just the same. In all manner of ways we make our 
contribution to human flight. 

Here are some examples. Tl and T2 thermocouple alloys 
play their part in engine temperature and performance. 
Nichrome* heating elements do their job in the food 
containers. In radar and radio equipment you will find our 
glass-sealing alloys. cathode and high-purity nickel, 
as well as superfine resistance wires. 

Over the years manufacturers of apparatus for aircraft have 
come to put their faith in British Driver-Harris high nickel 
alloys. We will be glad to let you have technical information. 


BRITISH DRIVER-HARRIS CO LTD 


CHEADLE HEATH, STOCKPORT, CHESHIRE * Regd. Trade Mark 
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PURE FUSED SILICA 


VITREOSIL 
DIPPING TUBES 


+ Casting temperatures are critical ! 

Vitreosil, pure fused silica, sheaths 
used in the Quick Immersion 
Thermocouple Technique have 
obviated erratic judgement of 
casting temperatures in modern 
steelworks and foundries all over 
the world. A single dip into 
the molten metal gives the true 
temperature in seconds. 
No more reject castings through 
too hot, or too cold, tapping, if you 
turn to Vitreosil — for accurate, 
up-to-date control. 


THE THERMAL SYNDICATE LTD. 


P.O. BOX No. 6 WALLSEND, NORTHUMBERLAND. Tel: Wallsend 62-3242, 3 


9 BERKELEY STREET, LONDON, W.1. Tel: Hyde Park 1711/2 


Sole Distributors for the United Kingdom : 
THE AMALGAMS CO. LTD., TINSLEY PARK ROAD, SHEFFIELD 9 


LAND PYROMETERS LTD., QUEENS ROAD, SHEFFIELD 2 
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Advanced techniques 

and reliable service 

have established for 
Smethwick Drop Forgings 


a fine reputation 


SMETHWICK DROP FORGINGS LTD - SMETHWICK & KIDDERMINSTER 


Severn 
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The furnace industry is well acquainted with THERBLOC* for insula- * THERBLOC is a highly efficient Min- 
tion up to 1,500°F. Where lower temperatures are involved however, for eral Wool Slab which is being used 


example core stoves and paint booths, consider S.R.10 Mineral Wool of 6 
backing insulant at interface temper- 


slabs. An inexpensive, yet, valuable santertad not only for maintaining atures up to 815°C. Write for Technical 
temperatures and reducing fuel bills but alse to make working Data No: 5 “THERBLOC for 
conditions more acceptable to operators. furnace and stove insulation.” 


To: STILLITE PRODUCTS LTD., 15, Whitehall, London, $.W.1 
Please send me Technical Data No. 10 | 


NAME | 


Regd. Trade Mark 


STILLITE PRODUCTS LTD. 
15, Whitehall, Londen, S.W.1. 


ADDRESS | 


Telephone: Whitehall 0922/7 and at St. Vincent St., 
| 6 METALLURGIA, December, 1960 
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@ To Our Outpur of industrial Furpaces we fave scquired.& modern Focory 
in Bletchiey, Buckinghamas're, to which transferred che Furnace bu 
business. | 


bn urea of voree 15,0 we can therefore now hand 

much farger Furnaces thai before. “The Works hag equipped with up-to 
‘Machine Toda and wa excelient loading and untoacing which Inciuce 
funway with en electric lifting, block of 5-cons capacity. 


we erry a wide which enable: us co handie arger¢ renair 
give preamp: delivery for sew equipmec:. We chalk be please 
for Gas, Ol and Eleceric Furnaces, AirCirculau> 
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HEAT TREATMENT 
FURNACES 


The range ?f Sterdy. Bnet treetment furneces 
inciude batch, pH and types, heatec 
Sy oll, gas or slectrictywith indirect firing when 
reguired. The Stordy system uf forced air cirou- 
lation Is unbque in te efftiency and In. providing 
rapid heating up rates and uniferm heating con- 
Gitions throughout the ghamber with -maximun 
fuel economy, 

Stordy heat tredimen® pient inciudes ali the 
necessary materteis handing 
charging and discharging setiveyor:. 
transfer tables, loading @Ad unicading racke. 


 Mustretion ebeve: Biectricaily 
heated, air circulated batch-type 
furnace for atumintum. Working 
temperature 600°C, the furnace 
being complete with electric 
heater batteries: and circutating 
fans, designed feremec of removal. 
Mastration right: tempera- 
ture heat treatment oven forteievision tubes. The ovenhas 
heated length of 206’ 0°, being provided with eleven 
combustion chambers, circulating fane and thermostatic 
for a maximum temperature of 450°C. 


DESIGNED AND 
FABRICATED BY 


STORDY 


Stordy have full manufacturing facilities at their 

new Wombourn Works and design staff, technical 

and service engineers in the field combine to 

Provide a completety integrated furnace design 
and building service. 


SM/SE6124 
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ELEMEN 


EASIER INSTALLATION 
LOW TERMINAL END LOSSES 


ONGER SERVICE 


BRITISH RESISTOR COMPANY LTD. 
MILL LANE RAINFORD ST. HELENS 
LANCASHIRE 


Telephone RAINFORD 57) 
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Hot and Cold Rolling Mills 
Rolis for Hot and Cold Rolling 
Roll Lathes 
Hot and Cold Shears 
Hot Saws and Reelers 
Steelworks’ Plant and Auxiliaries 
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Wadsworth Controlled Potential 


ELECTRO-DEPOSITION has long been recognised 
as an analytical and separative technique for solu- 
tions containing metallic ions. The method may 
be applied where the ionic concentrations of the 
metals present in solution vary widely, separation 
being best achieved where the potential of the 
working electrode relative to the solution is con- 
trolled, using a reference electrode as described 


independently by Sand & Fischer. Manuz! control 
of the electrode potential, although possible, is 
tedious and time consuming, with the result that 
automatic control circuits have been developed 
by a number of workers. 

The Southern Analytical controlled potential 
electro-depositor is based upon a design due to 
N. J. Wadsworth of R.A.E., Farnborough, and is 
intended primarily for use with platinum elec- 
trodes. The circuit is fully transistorised in the 
interests of compactness and reliability and is 
capable of supplying a maximum controlled 


current of 10 amperes to the electrolysis cell. In 
operation, the required cathode potential is preset 
upon a built-in high grade potentiometer. Any 
error between the preset potential and that of a 
reference half-cell (e.g. saturated calomel), 
mounted immediately adjacent to the cathode, is 
applied to an amplifier which controls the current 


Electro-Depositor 


SOUTHERN ANALYTICAL LIMITED CAMBERLEY SURREY 


passing through the cell in such a sense that the 
potential error tends towards zero. 

In order to ensure that thermal drift in the control 
amplifier is held at a very low level, a water- 
cooled heat sink is employed to maintain the tran- 
sistors at a substantially constant temperature. 
The accuracy of control attained may be judged 
from the fact that the incremental error in electrode 


potential as a function of cell current has a mean 
value of 1.6 millivolts/ampere; thus, when the 
electrolysis current has fallen to the low levels 
obtaining towards the end of a deposition, ex- 
tremely close control is established. It is note- 
worthy that the potential defined by the built-in 
potentiometer cannot be exceeded as cell current 
cuts off at zero potential error. 

The apparatus is supplied complete with leads 
for connection to the user’s own electrode assem- 
bly. If desired however, suitable standard 
accessory equipment can be provided. 


SOUTHERN 
nalytical 


TELEPHONE: CAMBERLEY 3401 
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Where sections 


vary greatly... 


...z2 films are better than 1 


ILFORD technicians pioneered multiple film technique 
in industrial radiography. This has been graphically 
described as a “‘sandwich” of two or more films, and the 
technique gives vastly superior results where specimens with 
widely varying densities have to be critically examined. 


The “sandwich” consists of two or more films of 
different speeds loaded into a standard cassette for 
simultaneous exposure. Thick sections of the specimen 
register clearly on the faster film, and the thinner sections 


on the slower film. The effects of differential exposure can 
be accentuated by using lead screens in the “sandwich”. 
The technique can also be used for making duplicate 
radiographs by using two films of the same speed. 


Choice of the appropriate ILFORD Industrial X-ray 
films obviously depends on the subject, the tube voltage 
and the presence or absence of screens. Full details of 
film choice and voltages, as well as lead screens, will be 
forwarded by request. 


For improved radiographic examination 
INDUSTRIAL X-RAY FILMS, CHEMICALS, 


CASSETTES AND LEAD SCREENS 


“TLFORD LIMITED ILFORD 


ESSEX 


— 
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why 
ACHESON 
graphite 
electrodes 


“ Acheson’ Graphite Electrodes are manufactured from specially selected high grade 
raw materials which are carefully processed at all stages of manufacture under controlled 
conditions to give a final electrode for your arc furnaces with these properties at their optimum— 
LOW RESISTANCE 
HIGH MECHANICAL STRENGTH AT OPERATING TEMPERATURES 
EXCEPTIONAL THERMAL SHOCK RESISTANCE 
“ Acheson’ Graphite Electrodes are made in the United Kingdor: only by 

BRITISH ACHESON ELECTRODES LIMITED of SHEFFIELD. 


ACHESON 


GRAPHITE ELECTRODES 
The term ACHESON is a registered trade mark 
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CRONITE FOUNDRY 
LONDON, 
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Five years ago the first Ipsen Double Row 4-Zone Pusher was 
built..see photo above. It is now six years since the first Deep 
Case Carburizing Unit was built. BIG Ipsen controlled atmos- 
phere pushers have given unexcelled metallurgical results! 


Check these features when you consider a carburizing fur- 


nace. They are exclusive with Ipsen. 


e@ Enclosed Charging Mechanism (Pat. 
e Chain Discharging Mechanism (Pat. 


e Baffles for 100% 


Forced Convection Heating (Pat. 
Ceramic Heating Tube Mounting (Pat. 
Ceramic ''Flame-Busters"’ (Pat. 
Ceramic Fan (Pat. 
Water-Cooled Fan Motor (Pat. 
Quench Oil Flow System (Pat. 


Other Patents Pending 


No. 2,896,775) 
No. 2,842,349) 


No. 2,788,205) 
No. 2,822,798) 
No. 2,861,596) 
No. 2,730,352) 
No. 2,800,317) 
No. 2,854,013) 


Ipsen Pusher furnaces are described in Bulletin P-59. Send 


for your copy today. 


AUTOMATIC 
40 


This charge of steel gears is typical of work handled in 
Ipsen Production Carburizing Furnaces. Heating was 1700° F 
for 10 hours; oil quenched at 150° F. Case depth: .045”. 


Countershafts ready for charging into Ipsen Production 
Carburizing Furnace. Heating time was 10 hours at 1700° F; 


quenching was in oil at 150° F. Case depth: .045”. 


psen 


MEAT TREATING UNITS 


INDUSTRIES, INC.. 153 VICTORIA ROAD, SURBITON, SURREY, Prove: 2071 
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Availability plus! 


Incandescent lift-off furnaces work at full stretch all the time. No wasted downtime 
while waiting for a charge to be loaded or unloaded: no sooner is the heating cycle 
complete than the heated furnace is transferred to the next base. Meanwhile the 
first charge cools - under atmosphere if required —-and is unloaded by the 
crane. Every heating cycle can be tailored exactly to meet the most 
stringent requirements, with full control over heating rates. 


Incandescent lift-off furnaces are in use the world over, for ferrous and non-ferrous 
wire, rod, sheet and strip, and for the heat treatment of castings. 


With just one furnace 


several bases are 


in full use— 


LOAD & UNLOAD HEATINGCYCLE COOLING CYCLE 


GAWDES | FOR ALL HEAT TREATMENT PLANT 


THE INCANDESCENT HEAT CO. LTD. SMETHWICK, ENGLAND 


13/10D/60 
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| ‘BRITISH COPPER REFINERS LIMITED, PRESCOT. LANCS. PHONE: PRESCOT 6571. 


Pressed brick 
being lifted from 
the die 


PRESSING PROBLEM SOLVED 


Pickford Holland install the latest hydraulic presses 
for standard and special shapes 


Refractory bricks today must be abso- 
lutely accurate in size and shape. These 
qualities, combined with unerring con- 
sistency in texture and performance are 
achieved by Pickford Holland through 
the medium of the most modern plant 
and equipment. 

In Pickford Holland works, the very 
latest crushing, grinding and mixing 
plant, powerful hydraulic presses and 
continuous tunnel firing kilns have been 
and are being installed. Rigid control 


PICKFORD, HOLLAND & CO. LTD., 381 FULWOOD ROAD, SHEFFIELD 10. TELEPHONE 33921 
METALLURGIA, December, 1960 
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of the various processes is strictly 
observed, and the finished bricks are 
carefully inspected and tested before 
being despatched to the consumer. 

More and more Pickford Holland 
refractory bricks are being supplied to 
steel and other industries throughout 
the world and the demand still grows. 
This surely points to the success of this 
policy of plant modernisation and is a 
tribute to the lasting service that these 
bricks give. 


PICKFORD HOLLAND Refractory Bricks 


Consistent in Size, Shape, Texture and Performance 
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EXTENSOMETER TESTING 
WHEN YOU NEED IT: 


the Instron XY recorder makes it 
as simple as flipping a switch! 


The XY Chart Drive Accessory——-what it is : 
a high performance servo system for driving the chart of 
the Instron recorder. Operable from most types of ex- 
tensometers, including differential transformers, small 
synchros, resistance potentiometers and strain gauges. 


When you want to use extensometers for certain 
testing applications .. . 
...+ you don’t have to buy a new tester (if you already 
have an Instron). 
. » you don’t have to subject your Instron to costly 
modification. 


All you have to do is add this field-proven, high- 
precision accessory—the XY Chart Drive System—and 
you have a superbly efficient servo system which lets you 
change over, instantly, from sample elongation by grip 
separation—to extensometer measurement, at the flip 
of a switch ! 


Here’s one more example of what we mean when we 
say you can do more with an Instron. And—you get 
this incomparable flexibility in testing only if and when 
you need it. This is an optional accessory—not a 
standard item built into the Instron to add to your 
expense whether you need it or not. 


METALLURGIA, December, 1960 


Varying degrees of magnifi- 
cation, depending on extenso- 
meter type and gear ratio for 
everything from metals to 
miracle plastics. 


Unlimited chart travel to en- 
able switching from extenso- 
meter to time drive for relaxa- 
tion measurement. 


This accessory performs equally 
well with all Instrons, no 
matter what their vintage. In- 
stallation is no problem. 


For complete information on 
high precision tensile testing 
(whether or not it involves 
extensometers) write us today. 


sTRO Py LIMITED .o. Box 34, High Wycombe, Bucks. 
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JACKMAN FOR HARDNESS TESTING EQUIPMENT 


INTRODUCING 


THE NEW ALPHA 


DUROMETER 


SEMATIC 


FOR AUTOMATIC CHECKING OF ROCKWELL 
HARDNESS 


SEMATIC IS THE OUTCOME OF 60 
YEARS’ EXPERIENCE IN THE FIELD OF 
INDENTATION HARDNESS TESTING FOR 
STEEL AND OTHER METALS 


EASY OPERATION 

@ PLACE TEST SPECIMEN, 
PRESS BUTTON, AND HARDNESS READING 
iS OBTAINED AUTOMATICALLY 


@ AUTOMATIC ZERO SETTING OF DIAL 
GAUGE 


@ DIAL SELECTION OF 9 DIFFERENT LOADS 
FOR ROCKWELL, BRINELL, AND VICKERS READINGS 


@ DIAL SELECTION OF TESTING TIME 0-30 SECONDS 
@ TOTALLY ENCLOSED MECHANISM AND TABLE SCREW 
@ BUILT IN SPOT LIGHT 
@ FRICTION-LESS PRESSURE SPINDLE 
LOADS ... 20, 30, 60, 62.5, OVERALL HEIGHT ... ... 28.5 in. 
PRE-LOAD BY LEVER... 10 kgs. DEPTH _......... 18.9 in. 
GAP HEIGHT... Win. 
NETT WEIGHT ... ... ... 198 Ib. 
THROAT DEPTH... ... ... 5.9 in. 


J. W. JACKMAN & COMPANY LIMITED 


VULCAN WORKS : BLACKFRIARS ROAD : MANCHESTER, 3 


Telephone DEAnsgate 4648 (three lines) Telegrams BLAST, MANCHESTER 
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COMPLETE INSTALLATIONS 


FURNACE CONVERSIONS 
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name right 


ontrolled 


Minimum carburising time, fastest production rates and full 
quality control—these are the advantages of the Wild-Barfield Generated 
Gas and ‘ Carbodrip’ methods. The benefit of many years’ 
research is at your disposal when you write to us for advice on how 

gas carburising can give you a better product more efficiently. 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS + OTTERSPOOL WAY * WATFORD BY-PASS - WATFORD : HERTS - TELEPHONE: WATFORD 26091 (8 LINES) 
w.8. 
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temperature control 


The measurement and control of high 
temperatures is of fundamental importance 
in the manufacture of high quality steels, 
and platinum and platinum-rhodium alloy 
thermocouples have become the accepted method 
of exercising such control at all stages in the 
making of fine steels. 

The manufacture of precious metal thermocouples 
demands raw materials of the highest purity together with strict scientific 
control at every stage of processing and testing. Thermocouples manufac- 
tured by the Baker Platinum Division of Engelhard Industries Ltd., have 
been proved to be of the highest possible quality, conforming in every 
respect to the relevant requirements of B.S.1826:1952 and B.S.1041:1943. 

Continued research by Engelhard Industries in the field of high temperature 
pyrometry has resulted in two recent developments: 
THE INTEGRAL-SHEATH THERMOCOUPLE, which has a diameter 
in the order of 4% in. and combines compactness, flexibility and resistance 
to thermal shock to an extent unattainable with conventional sheathed 
assemblies. 
*FIBRO* THERMOELEMENT PLATINUM, which maintains high 
strength and ductility after long periods at high temperatures whilst retaining 
all the thermoelectric attributes of normal thermoelement quality platinum. 


* Write for copy of new illustrated leaflet. 


A view of the electric soaking pits at the 
works of The Consett Iron Company 
which are controlled by means of 95°, 
platinum—S%, rhodium versus 80% 
platinum—20°%, rhodium thermocouples. 


BAKER 
Thermocouples 


(A NGCELHARD (NOUSTRIES, £72.) BAKER PLATINUM DIVISION 


52 HIGH HOLBORN @ LONDON, W.C.1 @ CHAncery 8711 & 6506 
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He’s a casting director of many parts... 


within the scope of the Division’s resources. There 
is no recognised technique of testing that is not 
used at Penistone. Inspection by X- and gamma-radi- 
ography, by photo-electric absorptiometer and by 
spectrograph, are standard. Electro-magnetic flaw- 
detection is applied to all steel castings for aircraft 
and other special applications. 


- . . and the results of his work give excellent 


performance. 

For, whatever casting process is required for your 
production — cement-sand, shell-moulding or ‘lost 
wax’ — the team of experts at David Brown Foundries 
Division carries it out with supreme skill and care. 

There is no proven method of casting that is not 


You can SAFELY specify David Brown castings 
DAVID BROWN 


YEARS 
1860. 1960 
THE DAVID BROWN CORPORATION (SALES) LIMITED 


Foundries Division, Penistone, Nr. Sheffield. Telephone: Penistone 3311 
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Demag high-frequency 
induction furnace 
installation ata steel 
making plant, incorporating 
two I ton capacity furnaces, 
two 660 Ib. capacity 
furnaces, and one 110 Ib 
capacity furnace 


A 3 ton capacity Lectromelt arc furnace of 9 O° diameter shown with roof swung ready for charging. 


High Speed and High Output are the key features 
in the medium and smaller range of furnaces offered 
by G.W.B. Furnaces Ltd. Many years are behind 
both the Coreless and Arc Furnaces of Demag and 
Lectromelt designs. 

Daily, electric furnaces are finding wider and wider 
applications, and the coreless induction (crucible) 
type is no exception as it is an ideal medium for 
melting steel and iron, and all other metals. It is 
particularly advantageous in steel works where a 
charge of scrap of known analysis is melted and is an 


installation that pays for itself in a very short time 
The proven economies of operation of electric arc 
furnaces offered by G.W.B. have earned an enviable 
reputation, and a few of their outstanding features 
are:— 

Separately mounted roof lift and swing mechanism 
for top charging; Four point roof suspension of the 
roof ring; Electrode holders of the power operated, 
spring-held, air release type; High speed movement 
of the electrodes; Offset rocker centres to return 
furnace from extreme tilt in event of power failure. 


G.W.B. FURNACES LIMITED 


P.O. BOX 4 - 


DIBDALE WORKS .- 


DUDLEY - WORCS. 


Proprietors: Gibbons Bros. Ltd , and Wild-Barfield Electric Furnaces Ltd 
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Wild-Barfield A.H.F. 
equipment is used by 
Bowden Engineering Ltd. 
for brazing hose unions. 
Many other industrial 
concerns have found that 
Wild-Barfield A.H.F. 
induction heating speeds 
production, saves space and 
offers savings all along the 
line. Our engineers will be 
glad to supply further 
details and explain how 
Wild-Barficld A.H.F. 
equipment can help you. 


WILD-BARFIELD A.H.F. 


BOWDEN ENGINEERING LTD. 


equipment at 


REIELD Induction heating speeds production 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone: Watford 26091 (8 lines) 
WB 63 
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you need this new handbook. It gives advice on 


the choice of suitable high-nickel alloys for To Henry Wiggin & Co. Ltd, Wiggin Street, Birmingham 16 
Please send me, without charge, a copy of ‘Wiggin High- 


many applications, backed by the results of Nickel Alloys v. Sulphuric Acid’. 


hundreds of plant and laboratory tests. NAME. 
APPOINTMENT OR DEPARTMENT 


COMPANY AND ADDRESS _ 
ME/C24/12 


QQ wenny WIGGIN & COMPANY LIMITED - WIGGIN STREET - BIRMINGHAM 16 
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Sul h Acid 
iad This book 
ALLOYS 
SULPHURIC ACID provide 
e 
a OMPANY a NM SW e r | 
: IF YOU ARE FACED WITH SULPHURIC ACID CORROSION PROBLEMS 


We 
take our own 
medicine... 


Five years ago we began rebuilding the round down-draught kilns of The Morgan Crucible Co. Ltd. at 
Battersea in MI. 28 —a hot-face insulating brick of low thermal capacity that was then comparatively 
new. The roof of one of these furnaces immediately after installation is shown in the first picture. 


... (MI. 28 bricks) & 


...and like it 


The output of these kilns, lined with MI. 28, was considerably greater than their firebrick counter- 
parts, because the low heat-storage of the lining shortened both heating and cooling periods. This, 
in fact, was the principal reason for the change-over. What we were not so sure of at that time was 
the life of these linings. We would hardly have dared to expect anything as good as we got. The 
second picture shows the same roof after five years’ service. So far as we can see it is good for at least 


another five years and probably longer. 


efractories he 


MORGAN REFRACTORIES LTD. NESTON, WIRRAL, CHESHIRE. TELEPHONE: NESTON 1406 


NE 160A 
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Dependability 


and Quality in 


Dunelt Special 


purpose Alloy 
and Carbon 
Steels 


Black rolled, bright drawn 

or smooth ground, in heat-treated 
or unheated conditions. Free 
cutting steels, heat-resisting 

steels, die steels, shear blade 
steels, high-speed tool steels, 
stainless steeis, valve steels, 

hollow steel bars. 


LTD 


DUNFORD & ELLIOTT (SHEFFIELD) 
: ATTERCLIFFE WHARF WORKS, SHEFFIELD 9 
Telephone: Telegrams: 
41121 (5 lines) Blooms, Sheffield, 9 
London Office: Birmingham Office: 


‘ Linford Street, 25 Burlington Chambers, 
S.W.8 118 New Street, 2 
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Rust preventives: Metacon rust Strippable coatings: Dewatering rust 

Most of the Croda range are | remover: not only | Crocell: hot dip preventives: special 
based on lanolin called removes all rust § thermoplastic coating § lanolin based solvent 
the finest organic metal from ferrous protects metal parts dewatering oils blend 
protective compound by metals but also from corrosion and remove all removes 
the National Physical in the same mechanical damage. moisture from grease 
Laboratory.Asmanufacturers | operation gives Rhinohide: tough metal and leave § and oil 
of lanolin, Croda can offer the metal a plastic applied by an oily rust from 
rust preventives at highly rust preventive spraying, protects preventive film metal 
competitive prices coating on the surface surfaces 


~ 


Croda Ltd, Cowick Hall Snaith, Goole, Yorks; and London, Manchester, Edinburgh, Dusseldorf, Milan, New York 
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IT'S RUDE TO POINT! 


On the other hand we feel we must bring to your 
attention our facilities for producing both sand and 
machine cast high quality refined iron. Our 
scientific approach to customers’ specifications 
ensures we “home on our target’”’ every time, no 
matter how exacting our customers’ requirements. 


BRADLEY & FOSTER LIMITED 


FOR QUALITY CONTROLLED REFINED PIG IRON 


DARLASTON : STAFFORDSHIRE 


Telephone: JAMes Bridge 2353 (7 lines) Telegrams: BRADLEY DARLASTON 
A member of the Staveley Coal & Iron Co. Ltd. Group 
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The technique of spark source mass spectrometry is the most 
sensitive among physical methods, and gives general analysis 
covering all impurities. 

The technique has already been applied to: Silicon, Magnesium, 
Graphite, Tin, Aluminium, Iron, Germanium, Nickel, Indium, 
Gallium Arsenide, Uranium, Silica, Beryllium, Nickel Chrome 
Alloys, Tungsten, Copper, Zirconium, Titanium. 


The Mass Spectrometer type MS7 


a double focusing spark source instru- 
ment for impurity determination and 
analysis down to 0.001 parts per million 
atomic. 


Our experts are available to advise on the application 
of this and other techniques including : 

Nuclear Magnetic Resonance, X-Ray Microanalysis 
and X-Ray Fluorescence Spectroscopy, Mass Spectro- 
metry, Electron Microscopy, Electron and X-Ray 
Diffraction. 

Ask us too about electro-magnets for research, 


Associated Electrical Industries Ltd. 


Instrumentation Division Scientific Apparatus & X-Ray Dept. 
TRAFFORD PARK, MANCHESTER !7 
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Bhast Furnace 
LES/STANCE 
to Iron Slag 
Conrracrion |_| 
+High thermal 
Conductivity 
+No deformation — 
under load of 
per so. inch 
42 3 HIMES AS _ 


resistant To 
& 


are more effi 
That’s why orders have been received for over 200 blast fur- 


linings throughout the world, making Carblox Ltd. one 


TEMCO pattern chequer brick of the world’s largest manufacturers of blast furnace carbon. 
manufactured by our parent com- 


pany, Thomas Marshall & Co. 
(Loxley) Ltd. This new brick has Write for Catalogue to:- 


ffe tive brick of 99 
cent. much, “higher than any GARBLOX LIMITED, STORRS BRIDGE WORKS, LOXLEY, 
omer NR. SHEFFIELD. TEL: SHEFFIELD 343844/5/6. 


Details sent on request. 
One of the MARSHALL REFRACTORIES GROUP of Companies. 
cx? 
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DEGUSSA-WOLFGANG 
for HIGH VACUUM 
FURNACES 


Resistance Heated 
e Induction Heated 
e Arc Furnaces 


and now 
the latest production and laboratory type 


ELECTRON BEAM 
MELTING FURNACES 


(Manufactured under licence from Stauffer-Temescal, U.S.A.) 


for highest purity with all refractory metals 


DEGUSSA-WOLFGANG, INDUSTRIAL FURNACE DIVISION 


is now represented in the U.K. and N. lreland— by “ 


BUSH BEACH & SEGNER BAYLEY LTD 


St. James’ House, Brazennose Street, Manchester, 2 
Telephone: Deansgate 5124/8. Telex: Chemicals, Manchester 66180 


Ta 4762 
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ensure reliability in mechanical drives 


TYPICAL CORE MECHANICAL PROPERTIES OF 


ARE GIVEN BELOW: 


The Hobbs automatic tonpOREEEOR, designed and aane HEAT TREATMENT | MAXIMUM | ELONGATION 
made by Hobbs Transmission, Ltd., Leamington, STRESS t.s.i. | per cent 
is applicable to many types of industrial drives 14” dia. Oil quenched 789°C. 720 19 
although designed primarily for use on motor cars. 24” dia. Oil quenched 860°C. 62:7 19 
One of the best known stecls used for motor car Oil quenched 780°C. 
gears, the 3 per cent nickel-chromium-molybdenum 3” dia. Oil quenched 860°C. 597 22 
EN 36 case-hardening steel, was chosen for this unit. Oil quenched 780°C. 


Service experience has shown that EN 36 has the 
properties needed to withstan d the stresses to The benefits to beguined from the more highly alloyed case-hardening nickel steels 
such as EN 33, EN 34, EN 36 and EN 39 include ease of heat-treatment, 


which the gears are subjected. minimisation of processing distortion, and general reliability. 


Please send for our publications entitled, ‘The Mechanical Properties of 
Nickel Alloy Steels’ and ‘The Case Hardening of Nickel Alloy Steels’ 


MOND NICKEL 


> THE MOND NICKEL COMPANY LIMITED, THAMES HOUSE, MILLBANK, LONDON, SW1 
roa ai/az 


METALLURGIA, December, 1960 


1Z00 
ft. Ib. 
\ 
* 


Forging ahead..... 


Fine steel is made and controlled in its making by 
teamwork—research teams—works laboratory teams— 
the craftsmanship of steelmelters, rolling mill and forge 
teams. Many of the present generation on the shop floor 
are sons and grandsons of men who built the early 
reputation of Sheffield for the world’s finest alloy steels. 


Firth Brown are proud to have the resources, clear 
headedness and innate skills of many such craftsmen. 


ALLOY STEELMAKERS - FORGEMASTERS + STEEL FOUNDERS + HEAVY ENGINEERS 


THOS. JOuN BROWN Limiteéo - SHEFFIELD ENGLAND 
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ROTATING RETORT 


Study these 


@ Low capital cost plant for clean hardening, gas @ Simple to operate with highest standard of finish. 
carburising or carbo-nitriding. 


@ Low running and maintenance costs. @ Lighting to Operating only 150 minutes. 


@ Quick and easy to install. @ Multi units installed at 7’ 0” centres. 


THERMIC EQUIPMENT & ENGINEERING CO. LTD. 
(Associated with Gibbons Applied Atmospheres Ltd., Birmingham, 15) 
Tel.: PRESTON 56254/5 SALMON STREET, PRESTON, LANCS. Grams. : THERMIC, PRESTON 
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ROYCE furnaces specially 
designed for your requirements. 


cost no more than standard plant 
. SQ 


well equipped factory at 


This new, 
Sheerwater, Surrey, is a fitting home for 


Royce Electric Furnaces—a stable worthy of 

the thoroughbreds it produces! 

Now more than ever you should specify a 
Royce furnace. Choose from the comprehen- 
sive range of Royce Standards or have a 
Royce ‘Special’'—a furnace designed for you 


to meet your requirements. 
For your new furnace get a quotation from 


Royce. 


ROYCE ELECTRIC FURNACES LIMITED . 


ALBERT DRIVE, SHEERWATER, WOKING, SURREY Telephone: Woking 540! 
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METALLURGICAL 
MOUNTING AND 


FINISHING EQUIPMENT 


fj 


* wit Apex have for many years designed and manufactured a 


wide range of metallurgical equipment which is in 
use throughout the world. A typical press with accessor- 
ies such as mould outfits, heaters and coolers is illustrated 


to the left. 


WN 


MMM 


The Apex ““MULTIHEAD” Metallographic Polisher 
is designed for the simultaneous polishing of a number 
of specimens. 
Suitable for 12 specimens of up to | 4” diameter. 
Faster uniform polishing. 
Eliminates individual differences in polishing technique. 
Provided with all necessary accessories and 
accommodation. 
Pleasing and practical in appearance. 
Self-contained. 
Supplied with full accessories. 
OTHER EQUIPMENT AVAILABLE 
@ 5, 10 and 20 ton mounting presses with suitably 
designed mould outfits, heaters, coolers and tempera- 
ture controllers. 
Bench, hand and belt grinders for both wet and dry 
rinding. 
Cian automatic and hand polishers. 
Specimen engravers, dessicator cabinets and cabinet 
stands. 
Semi- automatic mounting press, the M.200 ‘‘ RAPID- 
MOUNT.” 
@ ‘Aquacut’’ immersed cutting off machines. 
A very wide range of mounting medias, grinding wheels, 
polishing papers, cloths and powders are available for use 


with the aboveJequipment. 
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Write for leaflet P 59 


q "Chemical and Phar) neer 
1§ SOHO SQUARE, Ww 
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SS PROPAGAS provides industry not only witha 
‘Bi = 4 high calorific value fuel gas (approximately 
2,500 b.t.u. cubic foot) but also with an 
B excellent medium for the production of 
special furnace atmospheres. It is widely 
used for gas carburizing, carbonitriding and 
bright annealing of ferrous and non-ferrous 
metals. 
BOTTOGAS Butane, like Propagas, is a petro- 
leum gas delivered and stored as a liquid 
under moderate pressure. Bottogas is used 
as a fuel for fork lift trucks and for many 
other specialised applications. 
PROPAGAS Propane and BOTTOGAS Butane come 
from the great British refineries of the 
Shell, Eagle and BP Groups, backed by a 


Co. Ltd, show two of many continuous gas , 

carburizing furnaces installed at their Dagen- technical service second to none and with a 
ham factory, using endothermic atmospheres complete sales organisation covering the 
produced from PROPAGAS. United Kingdom. 


SHELL-MEX AND B.P. GASES LIMITED 


(Regd. users of trade marks) “The biggest distributors of Propane in the U.K.” 
CECIL CHAMBERS 76-86 STRAND LONDON WC2 Telephone: TEMple Bar 1234 


METALLURGIA, December, 1960 


cart 

| 

| 

| | 

42 


AUTOCARB 


AUTOMATIC DEW POINT RECORDERS AND CONTROLLERS 


Recorder Controller 


Autocarb systems automatically adjust the flow of air or enriching hydrocarbon to the furnace or generator 
in direct response to the dew point of the atmosphere. Specified conditions are automatically maintained. 
Autocarb systems are simple compact units which indicate, record and control the dew point of gas atmos- 
pheres in continuous or batch furnaces and atmosphere generators. They can control dew points to within 
plus or minus two degrees. On continuous furnaces separate zones of atmosphere control can be established 
and automatically maintained. If manual control is preferred, the Autocarb line includes simple recorders 
or indicators. On batch furnaces the Autocarb system will maintain the desired carbon potential for each 
temperature established in the heating chamber. On endothermic gas generators Autocarb systems auto- 
matically and continuously compensate for fluctuations in the composition of the reaction fuel gas supply 
and the humidity of the reaction air. This keeps constant the dew point of the product gas. 


BRITISH FURNACES LTD. 


CHESTERFIELD 


ASSOCIATED WITH SURFACE COMBUSTION CORPORATION, TOLEDO, USA 
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Salt is kept at precise desired 
Ec FC U PTO N temperature by current passing 
- between electrodes near the furnace 
bottom. This method provides a 
constant furnace-wide agitation of the 
33 t h = molten salt. Correct interval between 
Ss a | t a u r n aces electrodes is instantly maintained 
and new electrodes can be inserted 
easily without interrupting operation. 


with 
continuing 
graphite 
electrodes... 


are 


ESSENTIAL FOR ALUMINIUM 
DIP BRAZING 


BETTER FOR HARDENING 
HIGH SPEED STEELS 


60 kW graphite electrode 
salt bath used for aluminium 
brazing. 


A salt bath free from metallic oxides, a bath 

which does not have to be unbricked for 

electrode replacement. These are features 

of the Efco-Upton salt bath furnace with the 

consumable and continuously renewable 

* Bottom heating creates circulation graphite electrodes. Features which spell 
success for aluminium dip brazing. Features 


which mean greater economy and efficiency 
* Negligible salt absorption in bath lining. for any salt bath application 


* Thermal efficiency 60-80%. 
FURNACES 
the best of the worlds furnace designs 


* Easy cleaning and maintenance. 
EFCO FURNACES LIMITED 


QUEENS [ROAD, WEYBRIDGE, SURREY ~- Weybridge 389! 
Associated with Electro-Chemical Engineering Co. Ltd. 


* Submerged electrodes allow maximum 
loading space. 

* Minimum surface exposure reduces 
radiation losses. 


MRP/R3067 
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CONTENTS FOR DECEMBER, 
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THE BRITISH JOURNAL OF METALS 
ENGINEER 
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The Kennedy Press, Ltd., 
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London Office : 

158, Temple Chambers, 
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CONTRIBUTIONS 


Readers are invited to submit 
articles for publication in the edi- 
torial pages: photographs and/or 
drawings suitable for reproduction 
are especially welcome. Contribu- 
tions are paid for at the usual rates. 
We accept no responsibility in 
connection with submitted manu- 
script. All editorial communica- 
tions should be addressed to The 
Editor, Metallurgia,’’ 31, King 
Street West, Manchester, 3. 


SUBSCRIPTIONS 


Subscription Rates throughout the 
World—30/- per annum, Post free. 
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METALLURGIA, December, 1960 


tisement Manager at Manchester. 


Steelmaking : The Impact of Oxygen 


Meeting Diary 


Physical Properties and Constitution of Liquid Stags. 
By B. T. Bradbury and D. J. Williams. . 


An X-Ray Investigation of Systems Between Niobium 
Pentoxide and Certain Additional Oxides. ~— H. J. 
Goldschmidt 


Developments at Alcan’s  Rogerstone Plant. 
of Hot and Cold Strip Lines 


X-Ray Inspection of Hot Steel Billets re Rolling. 
By W. J. Oosterkamp, J. Proper and M.C. Teves .. 


Semi-Conductors——-Their Production and By 
W. H. Dennis 


The Advantages of Aluminium Foil for Transformer 


Liquefied Petroleum Gas Plant. 
Largest in the Country ‘ 


Aluminium in the ** Oriana ”’ 


New Theory for ceed of Iron. Role of Hydrogen Tons in 
Promotion 


News in Brief .. 

News and Announcements .. 
Recent Developments 
Current Literature 


New Features 


Hereford Installation the 


LABORATORY METHODS SUPPLEMENT 


Determination of Zirconium in Nickel 
By B. B. Bach and J. T. Francis 


Correspondence : Rapid Methods of Analysis 


Installation .. 


233-234 
234 


235-240 


241-250 


251-256 


257-260 


261-264 


265-266 


267 -268 
268 


269 
270 
271-274 
275-278 
279-280 


281-283 
283-284 


284 


Page 


For 


of steelmaking plant 


if 


RNELL HOUSE, WILTON ROAD, LONDON, 5.W. 


METALLURGIA, December, 1960 


| INS foremost builders 
| ¢ im 
ORKS: DARLASTON, South Staffs, & BELFAST. 
46 
j 


METALLURGIA 


THE BRITISH JOURNAL OF METALS 


INCORPORATING THE “METALLURGICAL ENGINEER” 


DECEMBER, 1960 


Vol. LXII. No. 374 


Steelmaking: The Impact 
of Oxygen* 


‘THE advent of relatively cheap oxygen in bulk is 

revolutionising steelmaking throughout the world. 
The pattern of steelmaking has remained almost un- 
changed for many years, but the first ripples of a tremen- 
dous wave of change are now passing through the indus- 
try. The open hearth furnace process has been the 


development plans now being 
executed and in preparation show 
a sharp increase in the use of the 
new converter processes and of 
electric steelmaking methods. It 
is estimated that this will reduce the predominance of 
the open hearth furnace to about 70%, of the potential 
steel production of 34 million tons in 1965. The 
potential production percentages for other processes 
are as follows, the actual production percentage for 1959 
being given in parentheses: electric 12 (64), Bessemer 
6 (7), L.D. 11 (nil), Kaldo 2 (nil), others nil (4). In 
spite of this proportionate reduction, the tonnage of 
steel to be made in open hearth furnaces should never- 
theless increase substantially. 

The open hearth furnace offers great flexibility in the 
relative use of pig iron and scrap and in the qualities of 
steel it can produce, and gives close control of quality. 
The traditional open hearth furnace is, however, handi- 
capped compared with the new converter processes using 
oxygen by its relatively slow operation and low hourly 
production rate. But the magic key to higher produc- 
tivity, oxygen, is not limited in its application to con- 
verters. Many British companies already use, or are 
planning to use, oxygen in their open hearth furnaces, 
where dramatic increases in productivity are possible 
with the intensive use of oxygen. 

For many decades steelmakers have realised that pure 
oxygen can revolutionise steelmaking by making possible 
the development of new techniques and by considerably 
speeding up reaction rates in the traditional processes. 
It was not until the early 1950's, however, that the use of 
high purity oxygen—‘ tonnage” oxygen—in bulk 
became an economic possibility. Since then the L.D., 
Kaldo and Rotor processes—consuming about 2,000 
cu. ft. of oxygen per ton of steel—have been introduced. 
At the same time the air blast of the traditional basic 
Bessemer converter has been superseded at an increasing 
number of plants by a blast of oxygen-enriched air, or 
by a mixture of oxygen and steam—requiring 1,500/ 
1,800 cu. ft. of oxygen per ton of steel. All the three 
basic Bessemer plants in the United Kingdom are already 
equipped to use oxygen and this technique is used for a 
large part of their production. The use of oxygen has also 


® Reprinted with slight modification from Steel Review No. 20, October, 196), 


December, 1960 


traditional basis of the British 

industry, accounting for some — very low carbon levels re- 
85%, of all steel production, but We take this opportunity of extending quired in steels to be subjected 
to Readers our Cordial Greetings for 
the Festive Season and Good Wishes 


for the Coming Year. 


enabled a number of the industry’s open hearth furnaces 
to achieve notable increases in production rates, either, 
as at Brymbo, at Richard Thomas and Baldwins, Red- 
bourn, and at Skinningrove, by using a molten iron which 
has been pre-refined as a result of oxygen blowing, or, as 
at The United Steel Companies’ Appleby-Frodingham 
works, at Consett, and at The Steel Company of Wales, 
by the application of oxygen within the furnace itself. 
In the three last-named cases oxygen is used for enrich- 
ment of the combustion air, or as a jet to speed up 

production or assist in attaining 


to deep-drawing. An outstanding 
example in the United Kingdom 
at the present time is the use of 
up to 2,500 cu. ft. of oxygen per 
ton of steel in the Ajax furnaces 
at Appleby-Frodingham, which has increased production 
from 63°, to 103%, over the former rate, and at the 
same time reduced fuel consumption to one-fifth of its 
former level. More and more open hearth furnaces will 
use pre-refined metal or be themselves converted to 
oxygen use. The use of oxygen in open hearth furnaces 
invariably leads to a reduction in fuel consumption, 
although not necessarily to so spectacular an extent as 
is achieved in the Ajax furnace. When one considers 
as well the increased production from converters, which 
require no external supply of fuel, and the swing to 
electric are furnaces, it seems that, although the total 
quantity of fuel used for steelmaking will continue to 
rise, the amount required per ton of steel will show an 
appreciable reduction from the present figures. 

Comparing 1959 with 1958, the U.K. use of oxygen for 
steelmaking almost doubled, the largest proportionate 
increases being in its use for combustion air enrichment in 
open hearth furnaces and in the various converter 
processes, the latter increase being sevenfold. These 
increases are only a beginning, for a new converter steel- 
making installation is already in operation at Richard 
Thomas and Baldwins’ Ebbw Vale works. Others are 
coming into operation at Colvilles’ Ravenscraig Works, at 
Consett, at John Lysaghts’ Scuntho works and at 
Richard Thomas and Baldwins’ new Spencer works at 
Newport. Further major converter steelmaking develop- 
ments are in an advanced stage of preparation. These, 
together with increased consumption in open hearth and 
electric furnaces, will mean that the amount of oxygen 
used for pre-refining and steelmaking will rise by 1965 to 
possibly eight times the 1959 level of consumption. 
Oxygen is widely used in steelworks for many purposes 
besides steelmaking, particularly for the preparation of 
ingot, slab and billet surfaces prior to rolling, for general 
engineering and for scrap preparation. By 1965 these 
non-metallurgical uses may require a total of 24 to 3 
times their 1959 level of oxygen consumption. 

In blast furnaces, too, oxygen may have an important 
part to play. Here it can be used, if necessary, in a 
relatively low purity condition to raise the oxygen con- 
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tent of the blast for the furnaces from the normal 21%, 
to 25°. The main effect of such enrichment is to increase 
the quantity of iron produced per day. ‘Lhe results of 
tests made by The Steel Company of Wales have already 
led them to order a tonnage oxygen plant to supply 630 
tons of 90°, purity oxygen per day for use in three of its 
blast furnaces. A number of other companies too are 
planning to use oxygen enrichment of the blast. Since 
oxygen plant with a capacity of 100 tons per day is 
needed to enrich the air blast of a blast furnace producing 
1,000 tons of iron per day to a level of 25°, oxygen, 
there are considerable possibilities for the increased use 
of oxygen in ironmaking. 

‘The industry already has eight high purity tonnage 
oxygen plants in operation with a daily capacity of 


1,125 tons. Orders have been placed for additional 
plants with a capacity of 1,775 tons per day of high 
purity oxygen and 630 tons per day of 90°, purity 
oxygen, all of which are expected to be in operation by 
the middle of 1962. Negotiations for further plants are 
at present being conducted. Many companies are too 
small to justify the construction of individual tonnage 
plants and not near enough to other oxygen users to 
enable them to use a common plant and ring-main 
delivery system, and they will continue to receive their 
oxygen in liquid form from road tankers, evaporating it 
as required. One can reasonably forecast that by the 
mid 1960's the total oxygen consumption of the steel 
industry for all purposes will rise to 5,000 tons per day, 
or 1-8 million tons per year. 


Di 
Meeting Diary 
3rd January 

Institute of Metals, Oxford Local Section. * Meteorites,” 
by H. J. Axon. Cadena Café, Cornmarket Street, Oxford. 
7.15 p.m, 

4th January 

Leeds Metallurgical Society. “Some Recent Develop- 
ments in the Welding of Metals,” by E. N. Gregory. University 
Staff House, University Road, Leeds. 6.30 p.m. 

Society of Chemical Industry, Corrosion Group (Catho- 
dic Protection Panel Meeting). Discussion on Galvanic 
Anodes. Society headquarters at 14 Belgrave Square, London, 
S.W.1. 6 p.m. 

5th January 

Institute of Metals, Birmingham Local Section. © Vacuum 
Technology,” by T. T. THortey. College of Technology, 
Gosta Green, Birmingham. 6.30 p.m. 

Institute of Metals, London Local Section. ‘ Metallurgy 
in Electronics,” by J. E. Hugues. Institute headquarters, 17, 
Belgrave Square, London, 8.W.1. 6.30 p.m. 

9th January 

Institute of British Foundrymen, Sheffield Branch. 
“ Pattern Equipment for Shell Moulding,” by E. C. Rowen. 
Technical College, Pond Street, Sheffield. 7 p.m. 

10th January 

Institute of British Foundrymen, London Branch 
(Slough Section). Coremaking——-Modern Methods and 
Machinery,” a Brains Trust with J. Fatcows, J. Harvey and 
R. SuTcuirre on the panel. Lecture Theatre, High Duty 
Alloys, Ltd., Slough. 7.30 p.m. 

1ith January 

Institute of British Foundrymen, London Branch 
(Southampton Section). Technical film show: ** The Making, 
Structure, Heat Treatment and Properties of Steel.” Technical 
College, St. Mary’s Street, Southampton. 7.30 p.m. 

Manchester Metallurgical Society. ‘‘ Modern Methods of 
Metallurgical Analysis,” by K. M. Brits. Manchester Literary 
and Philosophical Society, George Street, Manchester. 6.30 p.m. 

12th January 

East Midlands Metallurgical Society. 
of Semi-Conductors,”” by J. G. 
College of Art, Derby. 7.30 p.m. 

16th January 

Institute of British Foundrymen, London Branch (East 
Anglian Section). ‘Origin, Detection and Elimination of 
jases in Cast Metals,” by D. V. Arrerton. Lecture Hall, 
Public Library, Ipswich. 7.30 p.m. 

17th January 

Institute of Metals, South Wales Local Section. ‘ Metals 
and Alloys Used in the Jewellery and Silverware Industry,’ by 
Miss D. L. Prre. Royal Institution, Swansea. 7 p.m. ~ 2 

18th January 

Institution of Plant Engineers, Kent Branch. “ Photo- 
graphy in Industry,” by N. E. SHertock. King’s Head Hotel, 
High Street, Rochester. 7 p.m. 


“The Metallurgy 
Derby and District 


Society of Chernical Industry, Corrosion Group. “ Metal- 
lic Diffusion Coatings,”’ by R. L. Samuen. Society headquarters, 
14, Belgrave Square, London, 8.W.1. 


6 p.m, 


18th-19th January 


Institution of Mechanical Engineers. Symposium on 
Pressure Vessel Research Towards Better Design. 


19th January 
Institute of Metals, Birmingham Local Section. * The 
Heat Treatment of Engineering Components,” by E. 


College of Technology, Gosta Green, Birmingham. 6.30 p.m. 
Institute of Metals, Sheffield Local Section. “ Ductile 
Fracture,” by Professor R. W. K. Hongycomse. Applied 


Science Building, The University, St. George’s Square, Sheffield. 
7.30 p.m. 

North East Metallurgical Society. © The Effects of Nuclear 
Radiation on Metals,” by H. M. Frxntston. Cleveland Scientific 
and Technical Institution, Corporation Road, Middlesbrough. 
7.30 p.m. 

25th January 

Institute of British Foundrymen, London Branch. 
* Developments in the Production of Gunmetal Castings,”’ by 
F. Hupson. Constitutional Club, Northumberland Avenue, 
London, W.C.2. 7.30 p.m. 

Manchester Metallurgical Society. “ The X-Ray Micro- 
analyser as a Research Tool for the Metallurgist,”” by D. A. 


MeELFoRD. Manchester Literary and Philosophical Society, 
George Street, Manchester. 6.30 p.m. 
26th January 


“Hot Dip Galva- 


Southampton Metallurgical Society. 
7.15 p.m. 


nising,” by M. H. Davis. Southampton University. 


West of England Metallurgical Society. “~ Recent 
Developments in Metallography,” by Professor R. W. 2 
HoneycomBe. College of Technology, Ashley Down, Bristol. 


7.30 p.m, 
27th January 


North East Coast Institution of Engineers and Ship- 
builders. ‘ Fatigue Strength of Marine Shafting,” by G. P. 
Smeptey and B. K. Barren. Mining Institute, Newcastle upon 
tyne. 6.15 p.m. 

3ist January 


Sheffield Metallurgical Association. ‘Tool Steels,” by 
G. Hoyts. B.I.S.R.A. Laboratories, Hoyle Street, Sheffield. 


7 p.m. wes 
Unper a suggestion scheme run by The Morgan Crucible 
Co., Ltd., Battersea, Mr. J. H. Fairweather, laboratory 
assistant in the company’s research department, has 
been awarded £225. His alteration to the cooling 
system of a laboratory furnace will save approximately 
10 million gallons of water a year, and represents an 
annual saving to the company of £400. 


A contract worth £339,000, for six steelworks process 
line drives, has been received by Associated Electrical 
Industries, Ltd., from Richard Thomas and Baldwins, 
Ltd., for installation at the new Spencer Works at 
Llanwern, near Newport, Monmouthshire. All the line 
drives are to be completely erected, commissioned and 
available for commercial production by the end of 


September, 1961. 
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Physical Properties and Constitution of 
Liquid Slags 


By B. T. Bradbury,* B.Met., Ph.D., and D. J. Williams,t+ B.Sc., Ph.D. 


A knowledge of the structure of liquid slags is of vital importance in leading to a better understanding 
of their functions in process metallurgy. Interest in their structure has grown with the development 
of the thermodynamic approach to slag/metal reactions, and in many instances a structural model 
is an important aid to the correct interpretation of these reactions. In the present article the authors 
review the physical properties of simple slag systems, paying particular attention to the more recent 


HE constitution of liquid silicates, phosphates and 
borates has been studied extensively in the past. 
Many physical measurements have been made to 

determine the structure of these melts, and to aid in 
the control of technological processes. Yet in spite of 
the more recent work which has been carried out, 
particularly by Bockris and his co-workers, there does 
not seem to have been a review article in this field of 
research in a British journal for some time. 


In the past, many of the investigations of physical 
properties have been concerned with more complex melts 
closely related in composition to the slags used in steel 
and glass-making processes. It seems advisable how- 
ever to interpret the physical properties of simpler 
binary melts initially, before considering the complex 
technologically important systems. 

Physical properties such as electrical conductivity, 
viscosity, density, and to some extent, surface tension, 
have played the most important role in the elucidation 
of the structure of silicate, phosphate and borate melts. 
More recently, additional information concerning struc- 
tural changes occurring within these complex melts has 
been obtained from infra-red absorption measurements 
made on quenched samples obtained from the melts. 


I. SILICATE SYSTEMS 


There is a considerable number of papers'® in the 
literature concerned with the molten silicates, but since 
most of the data recorded have been remeasured and 
considerably supplemented by Bockris et al, and by 
Shartsis and Spinner, only the more recent work will be 
described here. 


Electrical Conductivity Measurements 


Attention has been focused upon electrical properties, 
particularly electrical conductivity, by many workers 
in the past. Such measurements offer the possibility of 
obtaining a measure of the inter-ionic forces in liquid 
slags. Hence, information concerning the freedom of 
movement of particles in the network lattice and the 
general type of structure existing can be obtained. 
Bockris* and co-workers have studied the electrical 
properties of a series of binary silicates. Melts were 
contained in a molybdenum crucible and molybdenum 
electrodes were employed to minimise contamination. 


® Formerly Department of Refractories Technology, University of Sheffield; now 
at A.B.R.E., Harwell 


¢ Formerly Department of Metallurgy, University of Sheffield, now at the Institute 
of Mathematics, University of Oxford. 
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findings in this field of metallurgical research. 
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Fig. 1..-Variation with composition and differing cations 
of the energy of activation of electrical conductivity (Ex ) 
for binary silicates.“ 


In the case of those systems exhibiting low conductivity 
values, where vacuum studies were necessary, all-glass 
vacuum cells were constructed for use at temperatures 
up to 2,300° C. The results which were obtained indi- 
cated the predominantly ionic nature of silicate melts, as 
demonstrated by the following evidence :— 
(a) the electrical conductivity is of the same order of 
magnitude as for ionic melts, e.g. fused salts ; 
(b) the ratio of the conductance above and below the 
liquidus temperature is about 100 ; 
(c) the temperature coefficient of conductance is 
positive ; and 
(d) the passage of current through the melt produces 
electrolysis. 
In all cases, the Rasch-Hinrichsen Law is obeyed :— 
K = A, exp. (—E,/RT) (1) 


where K is the specific conductance, A, is a constant, 
E, is the energy of activation for conductance, R is the 
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Mole % metal oxde 


Fig. 2.—Variation with composition and differing cation 
of the energy of activation of viscous flow (Ey) for binary 
silicates.*' 


gas constant and 7’ is the absolute temperature (°K). 
Thus, by measuring the conductance over a range of 
temperature, activation energies for the conduction 
process (Z,) can be evaluated from equation (1). These 
are shown in Fig. | for the various silicate systems as a 
function of composition. From these results, Bockris*® 
et al observed «& marked difference between systems con- 
taining alkali and alkaline earth metal oxides, although 
within each group, Ey, is nearly independent of the 
cationic species. 

It is evident that the cationic charge is an important 
factor in the mechanism of electrical conduction. In 
those systems containing Group I metal cations, FE, 
seems to be independent of composition, but in the 
case of Group II cations, it increases with decreasing 
metal oxide content. 


Bockris* has developed a satisfactory interpretation 
of these results by assuming that the addition of metal 
oxide to silica results in the breakdown of the three- 
dimensional silica network into silicate anions, and by 
correlating the free energy of activation for conductance 
with the “ion-oxygen attraction parameter.’’ This 
parameter, which is taken to be a measure of the elec- 
trical interaction between the metal cation and the silica 
network, is defined algebraically as J] = Ze?/R, where Z 
is the valence of the cation, e is the electronic charge, 
and R is the ionic radius of the cation. 

Thus, Z values are small for Group I cations, and since 
conductivity is a cationic process, EZ, values will be 
small in these cases. The addition of more alkali metal 
oxide has very little effect upon EZ, values because of the 
small J values. For the alkaline earth ions, the effect 
is different due to their larger J values. Energies of 
activation are high with small amounts of metal oxide, 
because the cations have high energy barriers to sur- 
mount under the influence of an electric potential. 
Further additions of metal oxide break up the silica 
lattice, and the cation moves more freely under the 
influence of an electric field : Z, values are thus reduced. 
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Transport Number Measurements 


Further work by Bockris’ and co-workers has con- 
firmed the idea of the ionic nature of silicates as indicated 
by the electrical conductivity work. Faraday’s Laws 
of electrolysis were checked for the systems Li,O-SiO,, 
K,0-SiO,, MnO-SiO,, and PbO-SiO,, and transport 
numbers were determined in the lithium and potassium 
silicates. 

The check on Faraday’s Laws is based essentially on 
the fact that the electrolysis of a silicate involves the 
deposition of metal at the cathode and evolution of 
oxygen at the anode. Faraday’s Laws may be tested 
by measuring either one or the other. There is some 
difficulty in estimating the amount of metal cathodically 
deposited, and the method usually adopted is to employ 
a graphite anode with which the evolved oxygen reacts. 
The volumes of CO and CO, resulting from the reaction 
may then be used to check the laws of electrolysis. 


A vacuum furnace connected to a gas analysis line 
was employed for the experiments, and the melt was 
contained in a molybdenum crucible. The current 
passed through a molybdenum cathode and a graphite 
anode. The results obtained vary with the binary 
system under investigation. In the case of Li,O-SiO, 
melts of varying compositions, the passage of 1 Faraday 
of electricity caused the evolution of 0-98 g. equiv. 
(gram equivalent) of oxygen. Although the results for 
this system indicate complete ionic conduction as do 
the results for PbO-SiO, melts, in the case of the CaO- 
SiO, and MnO-SiO, systems, certain side reactions take 
place which give rise to spurious results. For the 
CaO0-SiO, system, with metal oxide content from 47% 
to the evolution of oxygen is 1g. equiv. per Faraday 
of electricity, but as the SiO, content is increased the 
amount of oxygen evolved exceeds 1 g. equiv. per 
Faraday. This excess evolution has been interpreted 
as being due to the side reaction :— 


SiO, + 3C + SiC + 2C0 


SiC was detected by X-ray techniques. For the MnO- 
SiO, system, however, less than 1 g. equiv. of oxygen is 
obtained for the passage of 1 Faraday, and it has been 
suggested that a side reaction occurs involving the pro- 
duction of metallic manganese. The metal is then 
oxidised to Mn?+, the oxidation process reducing the 
efficiency of oxygen evolution. 

Transport numbers were determined for melts in the 
systems K,O-SiO, and Li,O-SiO,, using an alumina cell 
fabricated with two electrode compartments and joined 
by an alumina bridge. Using a molybdenum rod for 
cathode and a graphite rod as anode, a known current 
was passed for a given period, and the change in com- 
position in the anode and cathode compartments was 
estimated by chemical analysis. K,O-SiO, melts con- 
duct completely cationically over the composition range 
studied (50-20 mole % K,O). The data for the Li,O- 
SiO, melts is by no means certain, since these melts 
attacked the alumina container cells. An approximate 
transport number of 0-8 for the Li+ ion was obtained. 


Viscosity Measurements 


Whilst conductance properties are concerned with the 
cationic entities in the melt, viscosity measurements 
have given an insight into the structure of the silicate 
lattice. This has been achieved by the evaluation of both 
the energy of activation for the process, and its relation 
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to the size of the flow units present. 
Shartsis and Spinner® and Bockris*” 
and co-workers have measured vis- 
cosities in binary silicates. Bockris’ 
interpretation of viscous properties 
seems to be the most developed and 
is described below. 

Bockris and Lowe *” have mea- 
sured the viscosity of a large number 
of binary silicate melts using a 
rotating crucible method. The 
crucible was equipped with a fixed 
centre spindle, and the torque on this 
spindle due to crucible rotation was 
measured, using an electromagnetic 
device. The damping effect of the 
melt on these rotational movements 
was related to the viscosity. 

Viscosities were measured over a 
temperature range and, as with the 
electrical conductivity studies, an 
energy of activation for the process 
was determined using the empirical 
relation :— 


= Ay exp. (—E,/RT) (2) 


where 7» is the viscosity, Ay is a 
constant, £, is the energy of activa- 
tion of the viscous process, R is the 
gas constant and 7’ is the tempera- 
ture (°K). The results which have 
been obtained by Bockris and Lowe, 
and Shartsis and Spinner for the 
binary silicates are summarised in 
Fig. 2. 

The sudden drop in the energy of 
activation for viscous flow from 
140 k. cal./mole to around 50 k. 
cal./mole on the addition of 10 
mole-°%, metal oxide is assumed to 
indicate a radical structure break- 
down. Since in any liquid the viscous 
drag between the layers of moving 
liquid will be greater the greater the 
size of the molecules or ions present, 
a reduction in the energy of activa- 
tion for viscous flow in the silicates 
can be taken as an indication of a 
reduction in the size of the silicate 
anion units. 

A particularly interesting feature 
of Bockris’ results is the continuous 
and gradual fall in Z, values as the 
proportion of metal oxide increases 
beyond 10 mole-%. This observa- 
tion is compatible with a gradual 
breakdown of the silicate structure 
and invalidates the theory put for- 
ward by Endell and Hellbriigge'® 
in 1942. These workers interpreted 
the plots shown in Fig. 2 on the 
basis of a gradual build up of infinite 
silicate chains as the proportion of 
metal oxide decreased. At the 
orthosilicate composition (Si0,)*- 
ions were believed to be present in 
the melt, and on addition of SiO, 
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Fig. 3.—Some ions thought to exist in molten sili-ates.” 
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Fig. 4.-Surface tension versus composition 
for some binary silicates.'*« 


polymerisation occurred to form chains, until at the meta 
composition, chains of infinite length were postulated. 
On further reduction of the O : Si ratio, Endell and Hell- 
briigge postulated the formation of two-dimensional 
sheets, the completion of this structure being achieved 
at the 33 mole-°, metal oxide composition. Any further 
decrease in metal oxide content resulted in the formation 
of three dimensional bonding, the structure eventually 
becoming that of fused silica. 

Now the movement of infinite sheets and chains would 
be associated with a very large energy of activation. 
But the energy of activation v composition relation 
(Fig. 2) passes through the two compositions corres- 
ponding to the formation of infinite chains and infinite 
sheets, as postulated by Endell and Hellbriigge,’® with- 
out any appreciable change. Thus, the above classical 
theory has now lost favour to the discrete ion theory for 
liquid silicates. This theory, which was developed by 
Bockris and co-workers, postulates the presence of 
discrete silicate anions at any particular concentration. 
These ions, it is thought, do not become infinite at all 
as the composition of the silicate changes, and hence at 
no composition could the energy of activation of viscous 
flow become very large. 

Bockris™ suggests that instead of infinite chains and 
sheets at 50 and 33 mole-°%, metal oxide respectively, 
the silicates exist as large anions, more or less spherical 
in shape. At 33 mole-%, metal oxide it is suggested that 
ions of the formula (Si,O,,)*~ or (Si,O,,)*~ are present 
(Fig. 3), and at the meta composition, the ions form 
rings of formula (Si,O,)*- or (Si,O,,)*-. Thus, the dis- 
crete ion theory is compatible with the results shown in 
Fig. 2. 

As opposed to Bockris’" theory for the presence of 
single ions of fixed shape, Richardson’? has recently 
indicated the possibility of the existence of an equili- 
brium distribution of silicate groups and chains in the 
melt, the proportions of each depending upon tempera- 
ture and composition. As yet there seems to be no way 
of distinguishing conclusively between these two 
hypotheses, but recent infra-red absorption work on the 
phosphates,**?* which are similar long chain melts, has 
furnished a certain amount of evidence in support of 
Richardson’s theory. 


Surface Tension Measurements 
The surface tension of a liquid is directly related to 
the binding forces between the constituents, and should 
therefore provide some structural information. In most 
cases, surface tension is by no means the best property to 


be considered for a study of the constitution of sub- 
stances, but the correct interpretation of surface tension 
measurements can reveal confirmatory evidence for a 
constitution which has been predicted from other con- 
siderations, e.g. viscosity and density measurements. 
Boni and Derge"* have reviewed the literature dealing 
with the surface tensions of molten silicates of metallur- 
gical interest, and have indicated the useful generalisa- 
tions which exist between surface tension, ionic potentials 
and types of chemical bonding. The type and strength 
of the bonding is very often reflected in the surface 
tension values. This is immediately evident on com- 


paring the values given in Table I. 

The very powerful metallic bond is reflected in the 
high surface tensions for the molten metals, whereas the 
weak Van der Waal forces known to exist in most organic 
liquids are reflected in their very low surface tension 


values. The surface tensions of the molecular liquids 
and liquid metals are respectively smaller and greater 
than those for the molten silicates, borates and phos- 
phates by a factor of ten. The molten phosphates and 
silicates have values approaching the order of those for 
the fused salts. The general inference is that the phos- 
phates and silicates are essentially ionic liquids. 

As in the case of other physical properties, it is 
desirable to study and interpret the surface tensions of 
simpler melts before considering the more complex 


TABLE I 


Surface 
Tension 
(dynes /cm.) 


Temperature 


Substance eC) 


Ni 1,615 1470 


(in helium) 


1,569 1,550 


(in helium) 
ou 
FeO) os4 


410 
(in argon) 


MnoO.siO, 
Cad 
Na,O.Si0, 


Na,O.P,05 177 
(in nitrogen) 


CaCl, 145 
(in argon) 


Outl 92 
(in argon) 


H,O 76 


oul, 29 
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Fig. 5.—- (i) (right) dy/dT versus composition 


for some binary silicates.'* 
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systems. Kozakevich'* and King have measured 
the surface tensions of the binary silicates found in steel- 
making slags, e.g. FeO-SiO, and MgO-SiO,, and Shartsis 
and Spinner'® have studied the alkali silicates. All these 
results have been obtained by a maximum pull-on- 
cylinder method. The findings of the above investiga- 
tions have been summarised in a recent paper by King.!* 
Fig. 4 which represents the work carried out by 
King’® and Shartsis and Spinner,"* illustrates the effect 
of metal oxide additions on the surface tensions of the 
binary silicates. These relationships are all quite 
smooth, passing without inflection through the com- 
position of the solid compounds. It is unsafe, however, 
to draw any conclusions from this observation alone 
concerning the existence of compounds in the liquid, 
since surface tension is not a very reliable property in 
this respect. : 
The linearity of the plots shown in Fig. 4 is compatible 
with the theory of a continuous and gradual variation 
in the structure of the melt. The most acceptable theory 
for the gradual increase in surface tension values on 
addition of metal oxide is that the degree of association 
is becoming less as the structure is progressively broken 
down. The silicate anions, as we have already seen, 
may be quite complex rings, chains, or even more 
complex anions, and, on addition of metal oxide, the 
number of smaller ionic entities will increase and this 
will result in an increased bond density near the surface, 
resulting in an increased surface tension. Since the 


driving force for this breakdown process is the ion- 
oxygen attraction of the cation, it is not surprising that 
there is a gradual increase in the surface tension values 
with a decrease in cation size, as indicated by the series 
of plots for different cations in Fig. 4. ; 
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King'* also observed a systematic increase in the 
temperature coefficient of surface tension values for the 

silicates as the ion-oxygen attraction for the cation 

increases. This effect is shown in Fig. 5, where it is 

evident that values tend to become abnormal, i.e. 

positive, as the ion-oxygen attraction increases, A 

similar tendency towards abnormality is shown as the 

proportion of silica increases. 

Various mechanisms have been suggested to explain 
the existence of abnormal temperature coefficients of 
surface tension and these have been discussed in some 
detail by King'*. The most acceptable theory is that 
the abnormal dy/d7 values are the result of a break- 
down of the anion structure at higher temperatures into 
simpler units. The extent of this breakdown will be 
governed by the cation-oxygen attraction which supplies 
the driving force, and by the possible complexity of the 
structure, which depends on the silica content. The 
experimental results can be correlated quite well with 
this explanation. 

In a recent study’? of the surface tensions of some 
binary phosphates and silicates, it has been possible to 
develop a theoretical interpretation for the relationships 
shown in Fig. 5, and for similar relationships which 
have been obtained for the binary phosphates. Using 
a modified ion-oxygen attraction parameter, interpre- 
tations in terms of the variation of charge density on 
the silicate (and phosphate) networks have been devel- 
oped, and this has enabled a comparison of the liquid 
silicate and phosphate structures to be made. 

Barrett and Thomas'* have recently measured the 
surface tensions of some melts in the ternary system 
CaO-Al,0,-SiO,. The results obtained seem to be in 
reasonable agreement with those reported by King’ 
and Ermolaeva.’® Surface-tension ‘temperature and 
surface-tension ‘composition relationships were all linear 
in form, and interpretations in terms of structure break- 
down (or dissociation) were employed for the observed 
increases in surface tension values. 

In conclusion, it seems that surface tension values 
for the silicates and the variation of these values with 
composition and temperature, can be correlated quite 
well with the theory of a dynamic equilibrium between 
the various possible silicate groupings. In general, the 
structure breakdowns effected by the addition of network 
modifiers to long chain melts result in marked increases 
in the surface tension values of these melts. Surface- 
tension measurements have shown that there is a relation 
between cation-oxygen attraction and surface tension 
and its temperature coefficient in binary silicates. From 


239 


O12 
008 
MnO-S:02 2” 
° 
0.12 
Mn a Mc 
a Fe 
004 
48 ac* 
ui 
Na 
> 
= 


; 

y + 

3 

2 

— 10 
Lig0+Si02 
© 
K204S02 
S02 


10 30 40 
mole percent 


Fig. 6.—Thermal expansivities in simple binary silicates.”' 


this, and from the comparison between type of bonding 
and surface tension, confirmation of the ionic nature of 
silicate melts is indicated. 


Density Measurements 


Shartsis, Spinner and Capps®® and Bockris, Tomlinson 
and White*! have used a similar technique for measuring 
the densities of molten silicates. The method employed 
was a modification of the standard Archimedes principle 
for density measurements, using a platinum sinker. 
Due to the high viscosity values of the melts, these 
workers found it impossible to weigh the platinum 
sinker directly in the melt. The sinker was suspended 
in the melt by a fine stainless steel chain and platinum 
wire from one pan of an analytical balance. The sinker 
was set in motion in the melt by placing weights on the 
second pan, and its velocity was determined by observ- 
ing, and timing the motion of the pointer across the 
graduated balance scale. The velocity of the sinker was 
varied by varying the load on the second balance pan, 
and a graph of weight on pan v. velocity of sinker was 
constructed. Extrapolation of this relationship to zero 
velocity gave a value for the weight of the sphere at rest 
in the melt. Using this value, the density of the melt 
could be calculated. 

Bockris*' and co-workers found that the interpretation 
of their results confirmed the general picture of the sili- 
cate structure as determined from viscosity measure- 
ments and which has been described previously. Shartsis, 
Spinner and Capps®® did not attempt any detailed 
structural interpretation of their density results; they 
did, however, calculate the thermal expansivities of 

melts in the systems Li,O-SiO,, Na,O-SiO, and K,O-Si0O,, 
and observed that the expansivities of the potassium 
glasses were greater than those of the other two glasses. 
This effect can be accounted for by reference to the ion- 
oxygen attraction parameter concept. Since the ion- 
oxygen attraction is smaller for the K+ ion than for the 
Nat and Lit ions, the electrostatic forces operating 


between the metal ions and the silicate lattice are weaker 
in the potassium case. Hence, the lattice can expand 
more easily in the binary potassium silicate than in the 
sodium and lithium silicates. 
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The same binary silicates were studied by both sets 
of workers, but as a variation of experimental technique, 
Bockris” et al eliminated from their density calculation 
the surface tension correction for the pull on the sus- 
pension wire by the liquid surface. By measuring the 
loss in weight of two sinkers of different volumes in the 
melt, they obtained two simultaneous equations, and 
eliminated the value of the surface tension from these 
equations. Molar volumes and thermal expansivities 
were obtained from the density measurements. The 
thermal expansivities obtained for the three binary 
systems are shown in Fig. 6 and indicate a remarkable 
change in expansivity near 12 mole-% metal oxide. 
This change is commensurate with a structure break- 
down in this region, since a loosely packed silicate 
structure will expand thermally, far more easily than a 
rigid and tightly bound structure. 

(to be continued) 
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Wellman-Schloemann Agreement 


FoLLowr1ne negotiations finalised by Sir Peter Roberts, 
Bt., chairman of Wellman Smith Owen, on his recent 
visit to Diisseldorf, an agreement has been signed 
between Schloemann Aktiengesellshaft and The Well- 
man Smith Owen Engineering Corporation, Ltd., for 
collaboration in building rolling mills, hot and cold, 
ferrous and non-ferrous, for the United Kingdom and the 
Commonwealth. This will make available to British 
industry the modern technical advances in rolling mill 
design of Schloemann A.G. and the high class workman- 
ship, experience and services of The Wellman Smith 
Owen Engineering Corporation, Ltd. 


Winder Drive Order 


Tue GENERAL Exvectric Co., Lrp., of England, has 
received a £50,000 order from the East Rand Engineering 
Co. of Johannesburg for equipment to be used in the 
conversion of a winder from steam to electric drive. 
The converted winder will be installed underground at 
the Withok gold mine of the S.A. Rands and Exploration 
Co., Ltd., a subsidiary of the Anglo-American Corpora- 
tion, Ltd. Twin 6-6 kV. 1,150 h.p. 10-pole A.C. motors 
will be used to drive the 12 ft. by 5 ft. double-drum 
winder which will be fitted with G.E.C.’s latest closed 
loop A.C. speed-control equipment. An unusual feature 
of the electrical system is that both rotors are to be 
connected in parallel to one liquid controller. Switch 
and control gear are included in the contract. 
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to | 
50 bO 
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(b) 


(c) 


(a) 


(b) 


Fig. 14 shows the phase relations diagrammatically. 


The constitutions observed 
system are shown in Table IX : 
sions may be drawn. 
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An X-Ray Investigation of Systems Between 
Niobium Pentoxide and Certain Additional Oxides 


By H. J. Goldschmidt, D.Sc., F.Inst.P. 
The B.S.A. Group Research Centre, Kitts Green, Birmingham, 33 


zirconium, molybdenum, t 


been studied on mixtures melted to varying compositions, and in a high and low temperature condition. 


The binary constitutions of niobium pentoxide with the oxides of nickel, cobalt, iron, chromium, vanadium, titanium, 
, calcium, strontium, barium, cerium, aluminium and silicon have 


The primary 


solid solubilities in B-Nb,O, are frequently extensive and accompanied by a degree of structural distortion. A number 


of intermediate niobates are formed for higher second-oxide contents and details have been determined 


amongst 


these, the rutile, columbite, hematite, perovskite and other structure types enter dominantly, and their stability fields, 
transformations, lattice-dimensional and other changes are outlined. A major effect is that of the rutile and columbite- 
type niobates being in certain cases high and low temperature allotropic forms to one another. Several new compounds 
and new tsomorphs to known structures were found. Homogeneity ranges, which sometimes are considerable and 
imply varying degrees of non-stoichiometry, are a characteristic of these phases, as well as of the primary end solid 


J 


System Nb,O;-WO, 


The constitutions observed in the system Nb,O,- 
WO, are shown in Table VIII : the following conclusions 
may be drawn :— 

(a) B-Nb,O, dissolves large amounts of WO,, with 


a simultaneous small structural distortion. The 
solid solution extends to beyond 50% WO, at both 
high and low temperatures. 

A new phase Y occurs at approximately 
Nb,0,;.3W0O,, which precipitates tungstic oxide at 
lower temperatures. 

A limited solid solution of Nb,O, in WO, occurs, 
expanding the lattice. A check chemical analysis 
on the 75% WO, melt for a possible WO, loss 
during melting showed that this was unsubstantial. 


System Nb,O,-Ta,O, 
in the Ta,O,-Nb,O, 


the following conclu- 


There exists an extensive solubility of Ta,O,; in 
B-Nb,O,, somewhat above 10% Ta,O,;; however, 
a-Nb,O, then becomes stabilised. Tantalum 
pentoxide occurs in two allotropic modifica- 
tions, the low temperature (a) form, isomorphous 
with a-Nb,O,, and a high-temperature (@) form, 
which is structurally distinct from a. On adding 
Ta,O, to Nb,O,, an a-(Ta,Nb),O,; solid solution 
appears at lower temperatures, in preference to £. 
This Ta-stabilised a-Nb,O, transforms reversibly to 
the 6-(Ta,Nb),O,; phase at high temperatures. The 
primary @ and a-Ta,O, solutions occur already for 
less than 50%, Ta,O,. 

No phases other than £-(Nb,Ta),O,;, a-(Ta,Nb),O, 
and 6-(Ta,Nb),O, were observed in equilibrium in 
this system, and it should be noted that, whilst for 
pure Nb,O, the a form has been proved to transform 
irreversibly, this transformation becomes rever- 


(Continued from page 218 of the November issue). 


tic pattern of phase occurrences emerges and is discussed in the light of the periodic table 
and crystal chemistry. 


TABLE VIII.—SYSTEM Nb,O,-WO, 


Composition | } Heat 
ar Constitution Remarks 
° 3) | 
10% As melted B-Nb,O, solid solution, 
pure 
10% 800° ©., 14 days | B-Nb,O, solid solution, | Small differences 
| pure | in fine struc- 
— ture, and smal! 
25% | As melted B- Nb,0, ‘solid solution, contraction of 
pure lattice on an- 
nealing. Con- 
25% 800° C., 14 days | B-Nb,O, solid solution, tinuous minor 
pure variations in 


line grouping 
and relative 
intensities occur 

B-Nb,O, solid solution, 


50% | As melted within solid 
pure solution 
50% 800° ©., 14 days | B-Nb,O, solid solution, 
pure 
62-5% As melted B-Nb,O, solid solution, No Y yet 


pure 


62-5% 800° C., 14 days Y-phase, very large Y = new phase 
B- very small 
70% As melted Y, pure 
70% 14 deys Y, pure 
75% As ‘melted Y, large 
WO,, small 
% 14 days Y, large/medium 
WO,, 
90% As melted | wo, = = 
small 
90% 800° C., 14 days | WO,, solid solution, pure Lattice expanded 
| through O, 
100% As melted | wo, (perovskite type) 
| | No change 
100% 800°C. Iddays | WO, 
sible on tantalum addition ; this applies both to the 


a—-+>fB change at the Nb-end, and the a—-+@ 
change at the Ta-end. The existence of the high- 
temperature (@) form of Ta,O,; had already been 
reported by Lagergren and Magnéli’, but was later 
denied by Schénberg.* It is here clearly confirmed. 
The @-form is considered of particular interest in 


© 


TABLE IX.—SYSTEM Nb,O,-Ta,0, 


Composition | Heat 


le 
‘Treatment temarks 


Constitution 


B-Nb,O, solid solution, | 
pure 


| As melted 


BOOP 14 days Sure 


high tem- 
perature form 
of Ta,O, 


B-Nb,O,, medium 6 
6 (Ta,Nb),O,, medium 
large 


As melted 


a~Ta,Nb),O,, medium | 
| medium 
| B-Nb,O, solid solution, | 
medium /smal) | 


14 days 


0-(Ta,Nb),O,, very large | 
B-Nb, Small 


As melted 


sr’. 14 days a-Nb,O,, large 


| B-Nb,O,, medium 
As melted | 04Ta, Nb),Os, pure 


soo’ C., 14 days 


As melted 


a-(Ta, Nb),O,, pure 
| @-Ta,O,, pure 


100% 


19% C., 14 days | a-Ta,O,, pure 


relation to Nb-base alloys, because it could be 
retained to lower temperatures at higher Nb- 
contents. 


A schematic diagram is shown in Fig. li. 


System Nb,O.-MgO 

The constitutions observed in the Nb,O,-MgO system 
are shown in Table X : the following conclusions may 
be drawn :— 
(a) MgO forms an appreciable solid solution in £- 
Nb,O,, somewhat below 10%; a-Nb,O, is not 
stabilised. 
The rutile structure (at high temperatures) and the 
columbite structure (at low temperatures) follow 
B-Nb,O,, columbite possessing a considerable homo- 
geneity field. In contrast to the NiO-, CoO-, and 
FeO-base columbite, stable only at low temperatures, 
the MgO columbite appears already at higher 
temperatures, coexisting with rutile. Furthermore 
a partial decomposition R—--C + B-Nb,O, takes 
place, indicating marked composition differences 
between R and C. An MgO-Nb,O, rutile has not 
previously been reported (in contrast to those with 
NiO, CoO and FeO); a columbite MgO.Nb,O, is 
known, however (Brandt),"? though the composi- 
tion here diverges. 
The hematite structure occurs for MgO-richer 
compositions, followed by cubic MgO proper. Thus 
the sequence 
BNb,O, 


(5) 


Rutile -->Hematite——> NaCl Type Structure 


Columbite 
appears consistently once again in this system. 

The hematite phase has a finite homogeneity 
range; it is capable of precipitating free MgO at 
lower temperatures, under change of unit cell 
dimensions. Cubic MgO can take a small amount of 
Nb,O, into solution, contracting in doing so (an 
unusual behaviour considering atomic sizes, but 
probably reflecting increase in metal atom vacan- 
cies, similarly to CoO). 


The schematic overall diagram is shown in Fig. 1). 


System Nb,O,-CaO 
The constitutions observed in the Nb,O;-CaO system 


are shown in Table XI: the following conclusions may 
be drawn :— 


(a) 


(b) 


A limited solid solution occurs of CaO in 8-Nb,O,, 
with a small amount of lattice-distortion. 


Three calcium niobates occur, structurally distinct : 
a compound [,, at about CaO.Nb,O, (nominal) ; 
a compound Q at about 3CaO.Nb,O, ; and a com- 
pound P of perovskite type of structure, closely 
adjoining Q, at about 4CaO.Nb,0O,;. Marked sub- 
sidiary distortions of P and of Q occur with com- 
position and heat treatment. 
Phase Q is a “ niobium bronze ”’ related to the alkali 
tungsten bronzes (sodium tungstates of variable 
composition Na,WO, (X <1) ); structurally this 
conforms with its continuity with perovskite, be- 
cause the defect lattices involved during sodium 
substraction and characteristic of this family ter- 
minate in the perovskite configuration; the 
perovskite type structure is apparent already from 
the diffraction pattern of Q, but the spacing is con- 
siderably decreased for lesser CaO (again consistent 
with the substractive lattice). 
The present perovskite equilibria are complex and 
require further study (as arises e.g. from the co- 
existence with some free CaO whilst the perovskite 
dimensions change) and a concealed peritectic 
reaction seems possible. 
The perovskite lattice expands with CaO content, 
and the degree of tetragonality varies. 

TABLE X.—SYSTEM Nb,O,-MgO 


Composition 
(Molecular 
MgO) 


Heat 


temarks 
Treatment : ark 


Constitution 


B-Nb,O,, very large 
R (= rutile), trace 


10% As melted 
10%, 1d days | ),, Very large 
columbite), trace 


B-Nb, ),, large ‘medium 
R, medium 


C., 14 days 


As melted 


C., 14 days 


As melted 


Que 
90% 


As melted 
90% 


As melted 


14 days 


at 1,700° C, 


| 800° C., 14 days 


| 800° O., 14 days C, large 
| 


| 


Sample sintered | MgO, large 


B-Nb,0,, larve 
medium /smali 


Ki, large 
©, medium 


| lange 
B-Nb,O,, small 


R, large ‘medium 
| OC, large medium 


| 


-Nb,O,, small 


H (= hematite), large 
small 


s00° C., 14 days | H, large 


MgO, small 


| H, large 
| MgO, medium 


H, large /medium 
MgO, medium 


| 


| H, medium 


| Same 


R—spacings : 
a 4-739 kX 
3-063 kX 


—spacing 
6! 
5-339 
R—spacings : 
a 4-745 kX 
5-059 kX 


—spacings : 
5-015 kX 
14-184 kX 
5-861 kX 


H—spacing de 
creases On Ari 
nealing 


H—spacing chan- 
ges from: 
a 5-160 kX 
14-003 kX 
to: 
a 5-147 kX 
ce = 14-090 kX 
on annealing 


a= 4-180 kX 


4-205 kX 
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| 
| 
| 
| 
; 
2m, | 
- - | 
| 
| 
| 
25% 
} 
{ 
| 
j 
a 


(ce) No solid solution of Nb,O, in CaO occurs. 

Note.—A lime-niobate CaNbO, (and other “ niobium 
bronzes’ analogous to tungsten bronzes) has been 
reported by Krylov:® a substractive lattice can here be 
formed, and as a representative perovskite composition 
Cao.g,;NbO, was given; the present compound of this 
structure seems rather higher in Ca, but could represent 
a replacement series of solid solutions with Krylov’s 
phase. Stoichiometrically the composition 4CaO.Nb,O, 
(=Me,0,) would be quite consistent, but a lower Ca Nb 
ratio is possible (a reservation which must apply through- 
out this system). 

The schematic overall diagram is shown in Fig. 1k. 

The pyrochlore family of mineral structures might 
well have entered in the present system ; general com- 
position : 

(Na, K, Ca, Fe, Ce, Y, Th, U et al), (Nb, Ta, Ti, Fe ¢¢ al), (O, OH, 
F), (i.e. A, B, X;) 
This has of course been much studied ; the structure is 
cubic, and the spacing variable (but of order a= 10.3kX). 
Gartner'® reported pyrochlore and perovskite to form 
partial solutions, but, upon check, the present three 
CaO.Nb,O, phases do not agree with pyrochlore, and 
other radicles are evidently required for its stabilisation. 


TABLE XL—SYSTEM 


Composition | 
( Molecular 


ta) 


Heat 


tuti 
Treatment jonstitation 


B-Nb,O,, large 
New phase leg, 


B. large 


leg, small 


As melted 
small 


14 days Small distortion 
in 8-structure 
Main difference 
from 10°, CaO 
was slight fur- 
ther change in 
line-separation, 
B, large ie. further solu- 
leg, small ‘medium tion ing 


As melted leg, pure CaO. 
( CaNbO,) 


B, large 
leg, Small medium 


As melted 


days 


sr O14 days leg, pure No change 


As melted log, large, medium 

Q, medium 

14 days 

Trace perovskite 
possible 


As melted New phase 


14 days No change 
Q (slightly varied inten- 
sities) 


is already per- 
ovskite deriva 
tive (tetrag- 
onal bronze 
type). Continu- 
ous change in 
axial ratio of 
perovskite with 
Nb/Ca ratio, 
from 75 to 90°, 

same tad 


As melted 


soo” 14 days 


kX 
3-946 kX 


As melted P (= perovskite), large 
Cad, small 


3-983 kX 
3-948 kX 


14 days same 


P, large 3-999 kX 


CaO, medium 


As melted 


14 days | Same 


P, large ‘medium 


As melted 


| OaO, medium 


SOP, 14 days 
Same | ¢ 


3-923 kX 
| CaO CaO spacing un- 
altered 
through Nb,O, 


1, As melted 
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TABLE XII.—SYSTEM Na,O,-8rO 
Heat 
Treatment 
Sr) 


Constitution Remarks 


B-Nb,O,, large I Be new inter 

Phase I Bg, small mediate phase 
isomorphous 
with one ob 
served in 
barium niobate 


1-3 | As melted 


O., 14 days | B-Nb,O,, large 
| I Bg, small/medium 
B lattice slightly 
through selu 
tien 


8-Nb,O,, large/medium 
IB,, Medium 


As melted 


B-Nb,O,, medium 
1 Bg, Medium 


14 days 


As melted I Bg, almost pure 


ara, 14 days Same 
I B,, medium further 
Medium small new phase pos 
sessing a la 
isomorph 


As melted 


14 days Saine 


As melted | J Ba, pure 


14 days same 
K Bg, large | Kite furthes 
+ Ba, small new phase pox 
sessing 

isomorph 


As melted 


35-6% 14 days Same 


51% As melted |; 


perovskite), pure Spacing : 


a 


51% | 800°C.,14 days | Same 


Large 145kX 
small 


69°, As melted 


69°, 14 days 


same 


Vote. Some difficulty was experienced in this system through the raw strontium 
oxide being unavoidably in the hydrated form and an appropriate con 
version in composition had to be applied. The precise composition figures 
quoted should not be stressed, but rather the constitutional sequence in 


principle ; this holds also for the CaO and BaO system. 


System Nb,O,-SrO 
The constitutions observed in the system Nb,O,-SrO 
are shown in Table XII: the following conclusions may 
be drawn :— 
(a) The solid solubility of SrO in B-Nb,O, is small but 
significant. It decreases at lower temperatures. 


(6) Three strontium niobates occur between Nb,O, and 
perovskite, denoted I,,, J,, and K,,, being isomor- 
phous with phases in the Nb,O,-BaO system, but 
not with those in Nb,O,-CaO. The fourth phase, P, of 
perovskite-type structure occurs at SrO.Nb,O,, and 
is of course an analogue to both the CaO and BaO 
perovskites. This perovskite is cubic, as against 
the CaO one, and a finite homogeneity range is 
reflected in an increase in lattice-spacing with SrO 
content. The approximate compositions (scaled to 
3 oxygen atoms as in the perovskite unit cell) are for 
Ina: Nb,..Sro.9,0,; for Nb, for 
K,,: ; for perovskite: Nb Sry.,0,. 
There is a remarkable independence in constitution 
with heat treatment throughout this system. 

(ec) SrO and perovskite are in direct equilibrium (as for 
CaO and BaQO). 


No solid solution occurs of Nb,O, in SrO. 
Fig. 11 shows the relevant diagram. (See also note at 
end of next section). 


4 
R 
3-8% 
| | | 
73%, | 
| 
‘ 10-6% | 
26% 
26% 
| 
A 
‘ 
| 
2°, 
For higher SrO contents hydration difficulties arose 
62-5%, H 
62-5% 
75% 
77-5% 
| 
| 
— - 
= - 
85% 
| ¢ 3-912 kX 
85% a = 3-996 kX 
3-920 kX 
| a = 4-000 kX 
| ¢= 3-086 kX 
| 3-99 kX 
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(h) System Nb,O,-WO, 


MOLECULAR ‘lo WO3 
TANTALUM PENTOXDE 


8 
(i) System Nb,O,-Ta,O, 


SS 
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(j) System Nb,O,-MgO. 


(k) System Nb,O,-CaO. 


—cao* 


KEY TO STRUCTURE TYPES AND SYMBOLS( ) 


Bnep, = (8) 
= CUBIC ZIRCONIA 


* 
NIOBITE s (c) 


* MONOCLINIC ZIRCONIA 


(COLUMBITE) 

SODIUM CHLORIDE = 

D FOR NbTiO7*DYSON PHASE) FOR X#Ca, Sr, Ba, Al and Ce) 
PEROVSKITE & DERIVATIVES = =5|'=!= TUNGSTEN BRONZE 4 = COMPOSITIONS LEFT OPEN 
(P) CLASS (Q) 


Fig. 1. Present constitutional results of systems of niobium pentoxide with second oxides. 
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(1) System Nb,O,-SrO. 


(m) System Nb,O,-BaO. 


(n) System Nb,O,-CeO,. 


(o) System Nb,O,-AL O,,. 


System Nb,O,-BaO 
Work on this system is still proceeding, and some 
uncertainty in absolute compositions exists at present. 

However, the following conclusions can be drawn at this 

stage :— 

(a) B-Nb,O, possesses a significant solubility for barium 
oxide, which decreases with temperature, and in- 
volves a small lattice distortion, as for the other 
alkaline earths. 

(6) There are three barium niobates, denoted (with 
increasing BaQO content): I,,, J,, and K,,. 
They are isomorphous to the strontium niobates 
referred to above, and of appreciably larger lattice- 
dimensions. 

These are followed by a perovskite-type phase, as for 
SrO and CaO, which itself coexists with barium 
oxide. 


December, 1960 


MOLECULAR 


In composition these phases are probably similar to 
the strontium niobates, but with reservations ; defect 
lattice formation is certainly a major feature. The phase 
relations are shown schematically in Fig. Im. 


The “ niobium bronzes’ also are known to include 
strontium and barium niobates as well as calcium and 
alkali ones. A fuller list, according to Krylov® is: 
LiNbO,, Na,Nb,O,, K,Nb,O,, CaNbO,, SrNbO, and 
BaNbO,. These, it will be noted, involve NbO, rather 
than,Nb,O,, and are liable to be promoted under reducing 
conditions. Exact chemical formulae for these bronzes, 
as for tungsten bronzes and the basic perovskite, cannot 
be established, owing to the variation of number of atoms 
per unit cell. 


A strontium niobium bronze of composition range 
Sr,.,-NbO,-Sr,..NbO, has also been reported by 
Ridgley and Ward." These are cubic perovskites, but 
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a 
—sro* 
BARIUM OXIDE 
KBatP 
3 33 = 
—Ba0* 
CERIUM OXIDE 
Nb2Os 
MOLECULAR ‘Jo CeO> | 
ALUMINA. 
Nb2Os Al203 
|| 


TABLE XIIL—SYSTEM Nb,O,-(Ce, R.E.)O, 


Composition | | 


(Molecular | Heat 
% Treatment Constitution Remarks 
(Oe, | 
10% | As melted | B-Nb,O,, large | 
| | 
| Phase Q, small | 
25% | As melted | Q, large | Q of perovskite 
| B, small /medium type structure 
(though bronze 
derivative) 
25% C., Ld days Q, large | 
, small medium 
(slightly less than as 
| melted) 
} | 
40% | As melted Q, pure | @ $- 232kX 
| 
40% | 14 days Q, pure = 5° 265kKX 
VO, As melted | Q, large ICe new phase 
Ice, stnall /medium 
14 days Q, large | 
| Ice, small / medium 
62-5% | As melted | Q, large 
| Ice, very small 
62-5% 800° C., 14 days Q, large 
| Ice, very small } 
75% As melted Ice, almost pure 
| | trace 
| 
75% O., 14 days ice, large 
CeO,, small, medium 
82-5% | As melted | CeO, solid solution, a = 
| arge 
| Ice, medium 
82°5% | 800° O., 14 days CeO, solid solution, | a= 5-429kX 
large | 
| Ice, medium | 
90% As melted | CeO, solid solution, pure | a > 458KX 
| 
90% | 800° ©., 14 days | OeO, solid solution, pure a= 5: 418kX 
100% — CeO, a = 5°396kX 


degenerate into distorted lattices for Sr-deficiency 
bO,). 
System Nb,O,—‘* CeO, ”’ 

The “ cerium oxide ” employed contained considerable 
admixtures of other rare earth oxides and is better 
described as of CeO,-base or (Ce, R.E.)O, ; approximate 
analysis, according to the suppliers, Hopkin and Williams 
Ltd. : La,O,-16%, Pr,0,-19%, Nd,O,-13%, Sm,O,-2°,, 
other rate earth oxides -4%, (balance) CeO,-46%. The 
material had nevertheless the single fluorite type struc- 
ture of CeO,, and the effect of such a typical technical 
rare earth oxide upon Nb,O, was of interest ; “ CeO, ” 
below should be read with this understanding. 

The constitutions of the system Nb,O,;-CeO, are 
shown in Table XIII: the following conclusions may be 
drawn :— 

(a) Arrestricted solid solution occurs of CeO, in 8-Nb,O,, 
estimated as in the order of 5% CeO, 

(6) Two compounds occur, one (Q) of the tetragonal 
bronze class associated with perovskite, the other 
(I,.) of a new structure. The approximate com- 
positions are : 

Q = 3Nb,0;.2CeO0, 
Ice = 3Nb,0,.7C00, 

(c) A considerable solid solubility exists of Nb,O, in 
CeO,—up to about 12% Nb,O;. The lattice of 
CeO, (cubic CaF, type structure) is expanded 
through Nb,O, addition ; the solid solution is con- 
tracted on annealing. 
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The manner of ionic replacement by which such 
expansion of CeO, by Nb,O, could occur is of some con- 
siderable interest, because non-stoichiometry in the 
fluorite structure of CeO, is known (e.g. on CeO,—-> 
La,O, replacement), and it seems probable that Nb,O, 
solution involves to a large measure occupation of vacant 
lattice sites, apart from substitutions. The diagram is 
shown in Fig. In. 


System Nb,O;—-ALO, 
The constitutions found on this system are shown in 
Table XIV : the following conclusions may be drawn :— 


(a) ALO, enters into an extensive solid solution in 
B-Nb,O, up to the order of 15°, Al,O, in melting 
equilibrium. The 8 phase-boundary recedes with 
decreasing temperature. 


(b) One compound was observed: I,, of approximate 
composition Al,O,.Nb,0,; (AINbO,). This is in 
equilibrium with the primary Nb,O,; and AI,O, 
solid solutions. 


(c) Al,O, takes significant amounts of Nb,O, into 
solution, but well below 10°%,; again the phase- 
boundary recedes with temperature. 


The structure and other characteristics of the alu- 
minium niobate AINbO, does not appear to have been 
determined yet. Its existence was, however, mentioned 
by Brandt and earlier workers. An aluminium tanta- 
late is known, but upon preparation, its structure was 
found to differ from that of the present niobate. 


A schematic diagram is shown in Fig. lo. 


System Nb,O,-SiO, 


In the system niobium pentoxide-silica, a series of 
fused mixtures prepared showed that 8-Nb,O, throughout 
coexisted directly with SiO,, and that no devitrification 
occurred even after extended annealing at 800° C. (not 
of course barring an eventual one at higher tempera- 
tures). However, a significant amount of SiO, enters 
into solid solution in Nb,O,, as again revealed by minor 


TABLE XIV.—SYSTEM Nb,O,-Al,O, 
Composition 


Heat 
(Molecular 


Treatment 


Constitution Remarks 


% Al,Os;) 
10%, As melted | B-Nb,O, solid solution, Same slight struc- 
‘pure tural distortion 
| as for TIO, 
10% Id days | B, large 
| Phase I41, small 
25% As melted | 8, large | Tal compound 
| Tal, medium AINbO, 
25% | 800°C., 14days | 8, large/medium 
| Ta), large/medium 
HM | As melted | 8, small/medium 
| | Tal, large/medium 
| | Al,O,, small 
| | 
me, 14 days lai, almost pure 
75% As melted | Lal, large/medium 
Al,O,, small/medium 
75% | 00° C., 14 days | Tal, large/medium | 
| Al,O,, small/medium 
90% As melted | Al,O,, large /medium 
Tal, medium 
919%, s00° C., 14 days | Al,O,, large/medium 
| lal, medium, but in- 
| creased from as-melted 
| | 
METALLURGIA 


} 
- 


ABOVE LINES AS MELTED | 
BELOW LINES AS ANNEALED! 
*EXTENDED SOLID SOLUTION 


A MoOs 


Fig. 4.-Survey of structures occurring in systems Nb,O,—-second oxide, as a function of the periodic table. 


modifications in the diffraction pattern. A tendency 
exists to stabilise a-Nb,O, towards higher temperatures, 
as referred to previously.'. No intermediate phase was 
found in this system. 


DISCUSSION AND GENERAL 
CONCLUSIONS 


A survey of the results from the aspect of crystal 
chemistry brings out many features which cannot all be 
discussed here. In the light of the periodic table, the 
constitutions may be shown as in Fig. 4. The broad 
pattern emerging is as follows :— 


Solid Solutions in 8-Nb,O, 


All the added oxides possess an appreciable, some a 
very extensive, solubility in Nb,O;, with a tendency to 
minor distortions in, but essential maintenance of, the 8 
structure. This flexibility is particularly marked for 
the oxides of the transition elements adjoining Nb in 
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Groups IV, V and VI (Ti, Zr, V, Ta, Mo, W), each of 
which causes within 8-Nb,O, characteristic variations in 
structure, spacing and stoichiometry. Fig. 2 shows some 
of the changes in diffraction pattern involved. 

The £ solubility generally decreases with decreasing 
temperature (a fact believed of interest as implying the 
possibility of precipitation effects within a scale-layer 
or bulk ceramic of this type, and of lattice stresses during 
nucleation of the next higher compound). 

The new phase f’-(Nb, V),O, occurring for vanadium 
addition is distinctive, and parallels the titanate 
Nb, TiO,, but, as the latter, is also considered a subsidiary 
variant to B-Nb,O,; only. The solubility of WO, in 
Nb,O, is the most extensive and of some added impor- 
tance in the light of the diagonal relationship Ti+ Nb 
—-W and in creating an adaptable oxide lattice of 
type and range 8-(Nb, Ti, W),-,0;). 

The only oxide which, according to present evidence, 
truly stabilises a-Nb,O, is Ta,O,. 
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Fig. 5.—Rutile (a) 
and columbite (b) 
unit cells and 


Rutile /Columbite (Niobite) 


A phase of rutile-type structure is stabilised through 
additions of Group VIII (Ni, Co, Fe) oxides and through 
magnesia. These rutiles are, however, stable at high 
temperatures only, and transform to the columbite 
(niobite)-type structure at lower temperatures. This 
rutile /columbite transformation is reversible. 

The rutile structure also occurs in the systems of 
Nb,O, with Cr,0,, V,0, and (obviously as end-member) 
TiO, ; in these cases rutile exists alone and no transfor- 
mation to columbite occurs. Throughout, 8-Nb,O, is in 
direct equilibrium with rutile and/or columbite ; these 
are therefore the potential precipitants out of the 
B-Nb,O, solution at lower temperatures. 

The rutiles and columbites are sufficiently similar in 
composition to permit this transformation without long- 
range diffusion. Figs. 5a and b show the tetragonal unit 
cell of rutile and the larger orthorhombic cell of columbite, 
from which the mechanism of transformation may be 
traced ; a rutile-equivalent cell within the columbite 
can be outlined, as shown, but a major change of shape 
of this pseudo-cell and shift of atoms is clearly involved.* 
The octahedral environment of oxygen around metal 
atoms is maintained, with a slight distortion, during the 
transformation. 

The ilmeno-rutile and tapiolite variants are comprised 
by the present rutiles, as crystallographically they do not 
essentially differ. Varying degrees of ordering are, 
however, possible, which may well affect the rate of 
transformation to columbite. The structural work of 
Karin Brandt,'* Sturdivant," Bystrém et and Legrand 
and Delville’* on rutile and columbite should be referred 
to here. 

A major feature of the present rutiles and columbites 
is their wide deviation in composition from stoichiometry 
(nominal AO, or ABO,). The extensive homogeneity 
ranges for the two structures within the binary systems 
(see Fig. 1) are evidence for this. The composition 
bands do not necessarily coincide for the two types, but 
they overlap. Variations in lattice dimensions, as 
recorded above, accompany these composition changes, 
and occur both within and between the systems. 

There is little doubt that manganese (Group VII) 
niobates also include a rutile, though this system has not 
here been studied ; whether or not transformation to a 
columbite occurs may be a very critical question, seeing 
that it does for Fe,O,, but not for Cr,O,. 


* An actual space-model which has been built in the author's laboratory demon- 
strates this process more plainly. 


atom movements 
required during 
transformation. 


The observation of the rutile/columbite transforma- 
tion is believed to be a new finding (and perhaps one of 
the most significant ones). The practical implication is 
that, for example, the volume changes and defect lattices 
involved are liable to affect the physical properties (such 
as adhesion and diffusion resistance) of a surface scale 
containing these phases, and to render them controllable 
by thermal treatment.+ Similarly those of bulk ceramics 
would be affected. 

The existence of several of the present columbite 
compositions is believed not to have been reported 
before, as is that of the (Nb, Mg) rutile. 

The continuous rutile solution TiO,—-> NbO, observed 
(Fig. 3) would suggest ready rutile stabilisation in place 
of Nb,O, in scales on some Nb-base alloys, under condi- 
tions of restricted oxygen access (or under reducing 
conditions) entailing no doubt a major influence upon 
scaling behaviour. 


Hematite, Spinel and Rocksalt Structures 


Hematite-type niobates follow on to the rutiles in 
several systems, namely those with Ni, Co, Fe, Cr and 
Mg. For Fe and Cr they obviously form the terminal 
phases (Fe,0,, Cr,0,) ; these are able to take considerable 
amounts of Nb,O, into solution, again with a tempera- 
ture recession, implying that Nb-saturated hematites 


+ In mineralogy the rutile——>columbite change wonld be of interest,inso far 
as columbite is, of course, one of the main sources of niobium ; it could, in the 
above light, be regarded as a product of transformation (in geological times) 
from high-temperature rutiles, in which form the mineral may still be liable 
also to occur. It seems likely then that the co-occurrence in a deposit of a 
rutile with a columbite would label the former as a parent, and as of similar 
composition to the latter, i.e. equally high in niobium (or tantalum). 
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could precipitate rutile or columbite with decreasing 
temperature. 

e hematites in the NiO, Co,0, and MgO systems 
form intermediate phases, followed finally by the NaCl 
structures, or (in the case of cobalt at low temperatures), 
by spinel. All hematites are stable at high and low 
temperatures ; they undergo changes in lattice- oe 
sions as shown by the figures quoted, and 
pronounced degree of non-stoichiometry relative to the 


Me,O, compositions. 
The overall sequence (in terms of type structures) 
Rutile Rocksalt 
Nb,O, —+ Hematite ———— 
Columbite Spinel 


(1) (2) (3) (4) 
is thus of general validity in this group of systems with 
the proviso that the allotropy may or may not be 
omitted, and that the series may terminate already at 
stage (3) (for TiO, at stage (2) ). 
Zirconia 


Nb,O, tends to stabilise the cubic (high temperature) 
form of ZrO,. The Nb,O,-ZrO, system therefore gives 
the relatively simple overall picture of containing, as 
only phases, the primary Nb,O, and ZrO, modifications 
without new intermediate niobates ; this it has signifi- 
cantly in common with Nb,O,-TiO, (presumably also 
HfO,). 

Tungsten Oxide 


Apart from the wide 8-Nb,O, solution of WO, referred 
to, the intermediate niobate Y (approximately Nb,W,0,) 
appears new and worth further investigation. The 
small primary solution in WO, leads on to the perovskite 
group structures (see below). 


The Ta,O, Forms 


The existence of the high temperature form of Ta,O, 
already reported,’ but later denied,*® is here certainly 
confirmed. The present wide solid solubility of Nb,O, 
in both the a and @ (Ta,Nb),O, forms (up to at least 
60% Nb,O;) is additional information. The 
transformation is reversible (in contrast to the a—-~ 
B-Nb,O, change) ; it appears, for pure Ta,O,, between 
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Fig. 6.—The unit cells of perovskite type and = oxide type niobium bronze through intermediate 
occupation. 


1,400 and 1,450°C. Both allotropes can be caused to 
coexist metastably, and certain interesting transitional 
stages are found in structure between @ and a, which 
invite further study. 


The Perovskite Derivatives 


The perovskite type of structure appears prominently 
in the systems of Nb,O, with the alkaline earth oxides 
(CaO, SrO and BaO), as well as with rare earth oxides 
(CeO, base). The phases possess appreciable homo- 
geneity ranges, accompanied by spacing changes with 
Nb,O,/second oxide ratio. The unit cells vary from 
cable. to tetragonal (see data in tables), with some 
possible further lowering to orthorhombic symmetry. 
There occur, in at least two of the systems, phases of the 
tungsten bronze type of structure (“* tetragonal bronzes’), 
closely related to the perovskites. Na,WO, (X <1) is 
the prototype. The substractive lattice, by which the 
bronzes are characterised, becomes, for X = 1, the ideal 
perovskite (ABO,, e.g. CaTiO,), and for X = O the 
rhenium oxide (ReO,) structure, to which WO, is also 
related. The two terminal structures are represented in 
Fig. 6, showing the simple perovskite and ReO, unit 
cells, where the essential difference is the presence or 
absence of the central large metal atom. The partial 
occupation of this site typifies the bronzes and would be 
associated with various degrees of minor distortion. 
(The work of Magnéli and et Hiagg,'? Roy,"* Geller,'* 
Rosen et al,2° Rooksby™ and Straumanis** on the 
perovskites and bronzes should here be referred to, as well 
as the basic structure studies of Megaw**.) 

In this case, we are dealing with niobium bronzes, 
which form what is probably a continuous replacement 
series of solutions with the perovskites. Niobium 
bronzes and perovskites are known already from Ridgley 
and Ward’s" and Krylov’s* work. The alkali niobates 
(NaNbO,, KNbO,, e.g. Megaw and Wells,** Wood®) 
are here of additional interest; they have also been 
synthesised and examined in the present work for com- 
parison with the other perovskites. They would logically 
fall into position on our circular representation in Fig. 4 
at the left. The marked structural variations in the new 
(as in the known) perovskites may incidentally also 
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make them of some interest from the semiconductor side. 

There seems little doubt that the niobium perovskites 
will also include scandium, ytterbium ¢nd lanthanum: 
compounds (Group III A, intervening between the Ca 
and Ti Groups and leading to the rare earths, where 
they were verified for CeO,). On the other side of the 
niobium block, rhenium in Group VII, like tungsten, 
is clearly also a stabiliser of the perovskite structure, of 
the ReO, variant, in which niobium could enter (cf. 
Fig. 6). A governing structural theme is throughout 
that of the MeO, octahedra common to the bronzes and 
their perovskite and ReO, type termini. 

In the alkaline earth systems, perovskite occurs in 
direct equilibrium with primary CaO, SrO and BaO. The 
latter themselves dissolve only minor amounts of Nb,O,, 
which contrasts with the rare earths, where CeO, takes 
considerable amounts of Nb,O, into solution.* 


Other Compounds 


The niobates I,,, Is., and K,,, inter- 
mediate to 8-Nb,O,; and the perovskite types are here 
only noted and have not been further investigated ; the 
same applies to phase [,. between perovskite and 
CeO,. The aluminium niobate NbAIO, (I,,) observed is 
known,” but (a) its appreciable homogeneity range and 
(b) its coexistence directly with B-Nb,O, and AI,O, are 
recorded. 

Melting Points 


Melting points within many of the systems have been 
measured, but will be reported at a later stage. Finally, 


* The simple picture thus arises that the rocksalt type lattice of CaO, etc., 
transforms almost immediately to perovskite, upon Nb,O, addition, but the 
tluorspar lattice of CeO, is much more accommodating, before, first, a new 
phase and only then the perovskite is formed. A closer comparison of the 
three structures (NaCl, CaF,, CaTiO, types) and the available metal and 
oxygen sites and electron distributions proves instructive in suggesting the 
reasons and the scope for non-stoichiometry ; however, this forms a separate 
subject, which cannot be enlarged on here. 


the above work should only be considered as explora- 
tory, but a consistent and systematic pattern already 
emerges, in which primary Nb,O,; solid solutions of 
varying extent and type, and compounds of rutile, 
columbite, hematite, perovskite and other types of 
structure figure prominently. Several of the phases and 
their transformations are new, and believed to be of 
some interest and application in wider fields. Varying 
homogeneity ranges and degrees of non-stoichiometry of 
these phases are a frequent feature. 
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ADDENDUM 


A papert has recently appeared by Sandoz of the U.S. 
Naval Research Laboratory, Washington, reporting the 
successful use of zine coating upon niobium in affording 
protection against high temperature oxidation. The 
effect consists in the formation of a combined zinc- 
niobium oxide upon the surface (its nature was not 
stated), which is self-healing and intergrown with an 
Nb-Zn intermetallic compound. 

This links in a most interesting manner on to the 
present work. The writer has prepared and examined 
Nb,O,-ZnO melts in line with the present methods, and 
found 

(a) That the compound ZnO.Nb,O; (ZnNb,O,) is a 
columbite similar to the others found, e.g. in the 
present NiO.Nb,O,. 

That it is in direct equilibrium with B-Nb,O, solid 
solution (i.e. no other compound intervenes, as 
in the other columbites). 


That, however, it occurs already in the as-melted 
condition, in contrast to our (Fe, Co, Ni) columbites 
above, which were lower-temperature transforma- 
tion products from rutile, but to some extent in 
common with the present MgO columbite. 
Seeing that in our periodic table systematics copper 
oxide follows on to NiO, and is followed by ZnO in the 
first long period, it was also of interest to complete the 
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link-up and prepare Nb,O;-CuO melts. This was done, 
with the result that a columbite type compound again 
appears, at CuO.Nb,0;. It too directly coexists with 
B-Nb,O, solid solution, and occurs already as melted, 
but in a structurally slightly modified form, possibly a 
transitory stage from rutile. 


Electrodeposition of Tin 


Tue 10th annual Journée de |’ Etain was held in Brussels 
on November 8th at the premises of Fabrimetal. The 
subject for the conference was ‘‘ The Electrodeposition 
and the Applications of Tin and Tin Alloy Coatings,” 
and Mr. R. M. Angles, head of the electrodeposition 
laboratories of the Tin Research Institute, presented a 
paper on tin-nickel and tin-zine alloy coatings and their 
applications. Other papers included one by Mr. C. J. 
Thwaites, assistant chief metallurgist of the Tin Research 
Institute, on the solderability of tin and tin alloy 
coatings ; one by M. J. Browet, head of the laboratories 
of Sabena, on tin-lead electrodeposits and their applica- 
tions ; and one by M. Riesser, of the Société Minerve de 
France, Paris, on tin alloy electrodeposits in the elec- 
tronics industry. 

Delegates to the conference included metallurgists 
and technologists from the leading French firms using 
solders, including representatives of the automobile 
industry, canned foods, radio and television and manu- 
facturers of electronic equipment. 
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Developments at Alcan’s Rogerstone Plant 


New Features of Hot and Cold Strip Lines 


AUXILIARY EQUIPMENT 

AMMA-RAY gauge equipment, two ingot tilters, 
G a slab shear and plate handling equipment are 
positioned between the 144 in. mill and the 96 in. 
mill approach tables. The gamma-ray gauge is mounted 
on a swivel stand at the side of the outgoing tables and 
relays the gauge of the metal being rolled to a recorder 
in the 144 in. mill control cabin. Screwdown adjust- 
ment can be carried out, in conjunction with this equip- 
ment, during rolling, the screwdown being designed for 

future operation with automatic gauge control. 

Two three-prong ingot tilters of 6,000 Ib. capacity are 
provided on either side of the slab shear. Hydraulically 
operated, they receive ingots vertically and lower them 
through 90° on to the tables. The tilter nearest the mill 
will receive ingots from the tunnel preheating furnaces, 
whilst the plate that has just been rolled is being sheared 
and lifted from the table. The other tilter, on the run- 
out table from the shear, will take ingots which are to be 
rolled by the 96 in. mill when the 144 in. mill is rolling 
plate. 


144 in. Slab Shear 

This is a vertical down-and-up-cut shear made by 
Davy and United Engineering Co., Ltd. It has a capa- 
city of 1-25 « 108 Ib. and is designed to shear hot slab 
and plate having a maximum cross-sectional area of 
300 sq. in. at temperatures between 400° C. and 500° C. 
The blades, 146 in. long with a rake of } in., are driven 
by two 400 h.p. A.E.I. low-inertia motors, fitted with a 
30 in. Igranic type S.M. brake. Cutting speed is 8 or 
16 cuts per minute at half or full power, respectively. 
The shear is fitted with hydraulic arrester gear, operating 
at 1,500 Ib./sq. in., to hold the plate and prevent 
marking during the cutting operation. It is also pro- 
vided with hydraulically-operated guides on the entry 
side to square up and centre long plates or slab before 
shearing. An underground conveyor carries the sheared 
ends to a crop shear, which cuts them to a manageable 
size ; they are then lifted and deposited in scrap bins 
at floor level. The crop shear is powered by a 40 h.p. 
motor. 


Plate Transfer 

A system of transfer beams, fitted over the tables 
immediately after the shear, removes finished slab or 
plate to the ingot storage bay, or loads it on to a plate 
car for eventual transfer to the plate stretcher and pro- 
cessing department. 


Lubrication—144 in. Mill and Auriliaries 
Lubrication systems for the 144 in. mill and auxiliary 
equipment are located in a 25 ft. deep oil cellar, on the 
outgoing side of the roll change side of the mill, and are 
as follows :— 
(1) The table system consisting of a 7,300 gallon 
settling tank from which two Mirrlees positive- 
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displacement pumps (one a stand-by) deliver at 
225 gal. min., through a fully automatic Auto- 
Klean T.K. strainer and a pressure vessel, to all 
the mill tables. 

(2) The screwdown and screwbox systems have a 
common 1,800 gallon settling tank. Two Mirrlees 
positive-displacement pumps (one a stand-by) 
deliver oil to the screwdown at 45 gal. /min. through 
a fully automatic Auto-Klean T.K. strainer and a 
pressure vessel. A further two Mirrlees pumps 
(one a stand-by) deliver to the serewbox at 5 gal. 
min., through a manual Auto-Klean strainer only. 
The slab shear system consists of a 960 gallon 
settling tank from which two Mirrlees positive 
displacement pumps (one a stand-by) deliver at 
30 gal./min., through a fully automatic Auto- 
Klean T.K. strainer and a pressure vessel. 

The soluble oil lubrication system for centre 
bearings consists of an 800 gallon tank from which 
two size 10 U.L. LaBour pumps (one a stand-by) 
deliver to the centre bearings on the turning tables 
and to the ingot tilters at 40 gal. /min., through 
a manually operated Auto-Klean strainer. 


Further lubrication is catered for by Farvel D.C.4 and 
D.C.25 units, both of which are sited at mill floor level. 
Roll necks are lubricated by grease (hand make-up) and 
oil mist from a unit on the screwdown platform. 


Hot Mill Handling 

The 318 ft. long mill bay is traversed by a Vaughan 
125 ton (25 ton auxiliary) E.0.T. crane. It is used for 
plate handling, roll-change operations and general 
maintenance work, and was used for the installation of 
the 144 in. mill stands and motors and general erection 
work in this bay. Access to the enclosed motor room is 
gained through high-level aluminium roller shutters. 
Roll Grinding 

A new Waldrich roll-grinding machine has been 
installed at the southern end of the mill bay and is 
designed primarily for the 144 in. mill rolls, which may 
be ground in their chocks. It can also be used to aug- 
ment existing roll grinders, and will accept any of the 
various rolls in the Rogerstone Mill. Power is provided 
by a 44 h.p. A.E.G. motor, continuously rated at 
between 400 and 1,300 r.p.m., which is coupled through 
a gearbox. The roll grinder foundations are set on anti- 
vibration steel springs and have hydraulic damping 
units. 
Outgoing Tables 

The ingoing feed and turning tables are duplicated on 
the outgoing side of the mill. A further fifty-four rollers, 
12 ft. wide and pitched generally at 36 in. centres, link 
the 144 in. mill with the 96 in. mill approach tables, 
which are 87 in. wide. The latter tables can be used as 
a stand-by for off-loading plate wider than 87 in. because 
the rolls stand proud of the table side frames. 
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The Brightside 96 in. mill may be used for breaking 
down ingot or as an intermediate hot mill. 


The Hot Line 


The addition of the new 144 in. mill and the provision 
of a third stand in the 88 in. hot finishing mill has led to 
further re-organisation of the line to preserve the con- 
tinuity. When the 144 in. mill is working in conjunction 
with the hot line, the 96 in. mill acts as an intermediate 
mill. With this sequence the 84 in. intermediate mill is 
not needed, and it is therefore to be dismantled. On the 
occasions when the hot line is operating independently 
of the 144 in. mill, the 96 in. mill acts as the breakdown 
mill, and takes three to five extra passes and delivers 
slab direct to the hot-finishing mill. 

The 96 in. mill, when acting as intermediate, handles 
far longer slabs than it was designed for. To assist the 
existing side guides in squaring up the slab, those 
associated with the 84 in. mill are to be relocated outside 
the existing guides. This stand will then be equipped 
with the full range of turning, centering and guiding 
equipment appropriate to a stand which has to break 
down ingots and also roll slab in long lengths. 

The up-cut shear and edge trimmer, positioned 
immediately in front of the 88 in. finishing mill, will be 
moved to take the place of the 84 in. mill. The shear can 
handle | in. thick hot aluminium plate up to 80 in. wide 
and is driven by a 50 h.p. continuously-rated motor. 
Off-cuts from the shear fall down a chute to a conveyor, 
which lifts and deposits them in scrap bins at floor level. 
The shear is provided with side-guiding equipment on 
the entry side to deal with long slabs. The modernised 
edge trimmer can cut strip 0-6 in. thick and up to 72 in. 
wide. It is driven by a 120 h.p. motor, which is con- 
trolled to synchronise the cutter speed with that of the 
table. In its new position it will edge trim slabs up to 
200 ft. long without interfering with other operations 


Hot finishing is carried out in a single pass on this Robertson 


88 in. three-stand tandem mill. 


of the line. Existing controls for the shear and trimmer 
will be relocated in the present 84 in. mill control cabin. 


88 in. Hor 


The new stand in the tandem hot-finishing mill is 
set in front of the two existing stands on foundations 
laid when the line was assembled in 1949-50. Made by 
W. H. A. Robertson & Co., Ltd., it is identical to those 
originally installed. It is an 88 in. wide, 4-high non- 


reversing mill, with 24 in. diameter work rolls and 56 in. 


diameter back-up rolls. The centres of the rolls are 
19 ft. in front of the centre of the following mill. The 
mill housings are made of cast steel and weigh 90 tons. 
Roll journal bearings are of the Robertson flood- 
lubricated type, consisting of white metal sleeves which 
are mounted in cast steel chocks and located axially by 
ball-races. The work-roll chocks are held between 
horns on the back-up-roll chocks by wedges, which can 
be used to offset the work rolls by as much as 3 in. The 
rolls are of forged steel, 70° Shore hardness in the case 
of the work rolls and 50°/55° Shore hardness for the 
back-up rolls. 


Screwdown 

The screwdown system is driven at 0-25 in./min. by 
two 50 h.p. D.C. motors through worm reduction gears. 
A magnetic clutch, linking the drives, is released for 
differential adjustment. The maximum gap obtainable 
between work rolls is 6 in. 


88 in. Mill Drive 


The new stand is driven, at 150 300 r.p.m., through a 
gearbox made by David Brown Industries, Ltd., by a 
4,000 h.p. A.E.I. single-armature D.C. motor and is 
coupled to a 1/1 pinion box by a Holset coupling. 
Gearbox reduction is 3-75: 1. The centre stand, origin- 
ally the entry stand, was powered by a 3,000 h.p. 
motor through a slab coupling and 60 in. face pinions ; 
the motor has been replaced by a second 4,000 h.p. 
A.E.1. single-armature D.C. motor, operating at 58 /116 
r.p.m., with a direct drive to the mill pinion box. The 
2,600 h.p. motor on the exit stand, driving an existing 
gearbox and 1/1 pinion stand, is retained. 


METALLURGIA 


259 


Roll Coolant 


A 10°, Sternol soft-water emulsion is sprayed 
through separately-controlled banks of jets over 
the section of the rolls in contact with the strip. 
The original system, with a 10,000 gallon dirty-oil 
tank and a forced draught cooler, was designed for 
four stands and has required no major modification, 
but two new 90 gal. min. Pulsometer pumps have 
been installed and the pumphouse has been re- 
arranged to improve the efficiency of the system. 


Fume Extraction 


With the installation of a third stand, it has been 
necessary to increase the fume extraction capacity 
by 20,000 cu. ft. min. to a total of 80,000 cu. ft. 
min. A new oil eliminator, similar to the one on 
the 144 in. mill system, has been installed. All 
ducting is constructed in aluminium. 


Lubrication 

The original lubrication system was designed for 
four stands, and is based on two 2,000 gallon 
settling tanks, from which oil is pumped for the 
flood lubrication of the gear bearings and the spraying 
of the main drive gears. 


88 in. Mill Capacity 

The modified tandem finishing mill can now process 
soft and hard alloys at rolling speeds of up to 800 ft./ 
min. Slabs will be delivered to the mill in thicknesses 
usually between 1-000 in. and 0-500 in. Strip can be 
rolled in the mill to any gauge between 0-080 in. and 
0-25 in. and coiled. Normal finishing gauges will be 
between 0-100 in. and 0-140 in. 


TRIMMING AND COILING 


In the rolling sequence of the original hot line, the 
88 in. mill was followed by a 651 ft. table fitted with 
cooling sprays to reduce the strip to a temperature at 
which it could be satisfactorily coiled. At the end of the 
table the strip was edge-trimmed and then up-coiled. 


The hot-rolled coils are cold-rolled in this Davy-United 66 in. 
three-stand tandem mill. 


December, 1960 


Seen through the pulpit window, a hot coil is ejected from the 


down-coiler. 


Developments in hot coiling since the mill was first 
laid down have made it possible to coil strip satisfactorily 
without first having to cool it. New edge trimming and 
coiling equipment has therefore been fitted immedi- 
ately following the last stand of the finishing mill. 


Edge Trimmer 

The edge trimmer, made by Stamco, can accept strip 
at 200°-300° C., in both common and strong alloys, 
between 24 in. and 80in. wide. Strip up to 0-25 in. thick 
can be handled, trimming speeds varying between 800 
and 450 ft./min. according to gauge. The pinch rolls 
and cutters are driven by a 150 h.p. motor, the drive 
being synchronised with the mill speed. Scrap is cut to 
manageable lengths by another cutter, evacuated by a 
conveyor system under the tables, and then deposited 
in scrap bins set at floor level. 


Hot Coiler 

The centre-line of the reel of the mandrel down-coiler, 
which was built by Davy and United Engineering 
Co., Ltd., is set 25 ft. 6 in. from the last stand of 
the 88 in. mill. It has a two-speed gearbox and will 
coil strip between 0-080 in. and 0-25 in. thick, 28 in. 
to 80 in. wide, and at temperature between 200° C, 
and 300° C., at 450 or 800 ft. min., matching the 
speed of the edge trimmer. The coils, which have 
an inside diameter of 24 in. are limited to outside 
diameters of between 32 in. and 54 in. and a 
maximum weight of 9,000 Ib. 

Strip emerging from the edge trimmer is caught 
between pinch rolls, which divert it to the coiling 
reel. The upper pinch roll, 24 in. diameter, is driven 
through a 4-08:1 gear; the lower roll, 16 in. 
diameter, through a 2-86:1 gear. Common to 
both pinch rolls is a 35 h.p. motor. The strip is 
directed round the reel by a belt wrapper which is 
retained until there are sufficient turns to hold the 
rolling tension. The tension range of coiling 
through the gearbox varies from 9,000 Ib. to 
48,000 Ib., for speeds of up to 450 ft. min., to 
0-9,000 Ib. for speeds of 450-800 ft. min. The reel, 
which is of the four-segment, collapsing type, 
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Charging one of the new oil-fired annealing furnaces 
a tray of coils. 


concentric when open, is driven through a two-speed 
gearbox by a 400 h.p. A.E.1. motor with a speed range 
of 375 to 1,100 r.p.m. 

On completion of coiling, the coils are removed from 
the collapsed mandrel by a hydraulically-operated strip- 
per car to a conveyor. They are weighed while on the 
conveyor and are eventually lifted by crane and placed 
in a storage bay to cool. 

Foundations have been laid for a second coiler which 
will be positioned at a distance of 12 ft. from the first 
coiler. 


Cold Rolling 


For cold rolling, the coils are transferred by crane to 
the existing Davy-United 66 in. three-stand tandem 
mill. The demand on this mill has been somewhat 
eased by improvement of the hot line which has made 
possible the production of larger coils in a greater range 
of thicknesses. To increase the existing cold-rolling 
capacity, however, a 72 in. two-stand tandem mill, 
extensively modernised, is being transferred from the 
East Works. 


72 in. TANDEM MILL 


This is a Robertson two-stand, 4-high, non- 
reversing mill with rolls of 15 in. and 37 in. diameter. 
When the work on the mill is completed, it will be 
able to roll coils of heavier-gauge metal at greatly 
increased speeds. The modernisation of this mill is 
being carried out in four stages. The first, which has 
been completed with the mill in its present position, 
involved improvements to the roll coolant system to 
maintain a high standard of surface finish, and new 
feed arrangements, enabling the mill to handle coils 
down to 0-016 in. entry gauge, as compared with the 
original minimum of 0-050 in. 

The mill will be moved to the new cold mill building 
in January, 1961, and will be fitted with new motors 
in the second stage of modernisation. These motors, of 
2,200 h.p., will be fitted to each stand with new 
pinion stands, new bearings, and reel and belt wrap- 
ping equipment. When this stage is completed the 
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mill be capable of rolling at 2,500 ft.,min., com- 
pared with its present speed of 360 ft. min. The 
two final stages cover the full mechanisation of 
handling equipment and installation of control 
refinements, and of two further 2,200 h.p. motors, 
linked in tandem, giving a 4,400 h.p. drive to each 
stand and consequently greater torque for rolling 
thicker gauges. 


ANNEALING FURNACES 

The greater amount of strong alloy in the 
increased output of the mill has required a more 
than proportional increase in annealing capacity. 
To this end, existing gas and electric furnaces 
have been augmented by two new Stein & Atkinson 
oil-fired coil-annealing furnaces, with controlled- 
atmosphere plants. They are located in an annexe 
to the new cold bay building. 


The furnace and furnace-door construction is a 
steel shell, lined with heat-resisting alloy plates 
and Stillite insulation. The door is counter- 
balanced to assist the raising and lowering winch 
and, when closed, is pressed by hydraulic pushers 
against a seal of water-cooled sponge strip insert. Each 
furnace has a clear load space of 2,230 sq. ft., is 27 ft. 
long » 10 ft. high « 8 ft. 3 in. wide, and can accept 
sixteen coils of 46 in. outside diameter stacked 70 in. 
high, weighing a total of 67 tons. Different coil sizes 
would allow a possible maximum charge of 112 tons. 

Special burners, developed by Stein & Atkinson in 
conjunction with Surface Combustion Corporation, use 
marine-diesel oil to heat high-quality stainless steel 
radiant tubes fitted in the sides of the furnace and insu- 
lated from the furnace interior. Air is drawn over 
banks of these tubes by water-cooled recirculating fans, 
supplied by Keith Blackman, Ltd., and is then ejected 
at the base of the furnace sides into plenum chambers 
zones, which may be separately controlled, and which 
are a part of the annealing tray. The hot air then 
passes up through the load and is recirculated by the 
fans. The fans, driven by 40 h.p. motors at 1,480 r.p.m., 
develop 1} in. water gauge, giving a delivery of 30,000 
cu. ft. min. at 600° C. The furnaces have an operational 
heating range from 150°-600° C. and can hold a selected 
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The new 72 in. slitting line in operation. 
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Part of the coil handling equipment in the cold mill 
bay. 


temperature within that range of 3° C. They operate 
nominally on a 12-hour cycle per load, which gives an 
annual throughput of between 24,000 and 30,000 tons. 

Coils that are to be annealed are stacked, lying either 
vertically or horizontally, on specially-designed trays. 
The trays are handled by a 50 ton motorised grab and 
lifted on to a furnace bogie by a 60 ton Morris crane 
serving the new cold mill bay. The bogies are on rails 
opposite the furnaces and are charged or discharged by 
an electrically-driven cab unit. 

A Holmes Kemp controlled atmosphere plant has been 
installed by Stordy Engineering, Ltd. This plant will 
give a non-oxiding atmosphere which reduces the 
amount of oil staining at low temperatures. Automatic 
control is used and has been supplied by Honeywell 
Controls, Ltd. The system may be preset to require- 
ments, and incorporates all the usual indicators and 
recording equipment. 


72 1x. Surrrine LIne 


A new high-speed slitting line, designed and built 
by Sir James Farmer Norton, Ltd., has been erected in 
the new cold bay extension to edge- and centre-slit 
strip between 0-008 in. and 0-065 in. thick, in both 
hard and soft alloys. The line can handle coils up to 
8,000 Ib. in weight, having an unfinished width limit of 
between 30 in. and 80 in. and a maximum outside 
diameter of 52 in. The slitting speed is 2,000 ft. min. 
pneumatically-operated down-ender accepts coils 
from a loading crane and tilts them on to a roller con- 
veyor. The coils are transferred to the ingoing coil 
carriage and there “ tailed” by tailing rollers (i.e. the 
first few feet of the coil is straightened out) before being 
directed to the unwind cones. Otherwise conventional, 


the unwind cones have an automatic centering unit to 
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View of the cold mill bay with the corrugating line in the 


foreground. 


correct misalignment of the coils, and are monitored 
by an air jet. Drag generators are fitted to the unwind 
cones to give a maximum back tension of 3,000 Ib. 


The strip is passed between ingoing feed rolls to the 
slitter, of standard Alcan Industries, Ltd. design, a 
twin-mandrel pull-through type with stationary arbors 
and rotating cutter housings. Scrap is cut to lengths of 
approximately 12 in. by a rotary flying-shear cutter, 
and delivered by chute and conveyor to scrap bins at 
floor level. Twin re-coiling reels are fitted, which will 
accept coils in widths between 36 in. and 78 in. The 
reels are driven by two variable-speed A.C. motors in 
tandem, only one being used when a half-coil is slit. 
The finished coil is lifted and transported on a carriage 
to an up-ender before being removed by crane. 

The slitting line is controlled from an elevated plat- 
form alongside the slitter. From this position the opera- 
tor can view the strip from the unwind cones to the 
coiling reels. There are three auxiliary control stations 
placed by the tailing mechanism, the unwind cones, and 
the reels. 


HANDLING EQUIPMENT 


A Morris 60 ton E.O.T. crane is provided in the new 
cold bay. The crane has drum-operated master con- 
trollers. The hoist and cross-traverse have dynamic 
braking and there is a foot-operated brake for long 
travel. When used for handling the annealing trays, 
the crane main hoist is fitted with a 50 ton motorised 
lifting grab made by Kings Hoists, Ltd., and controlled 
from the crane cabin. A motorised beam, also controlled 
from the cabin, has been supplied to handle four 9,000 Ib. 
coils simultaneously when charging the existing G.W.B. 
furnaces, whose charging arrangements differ from 
those of the new furnaces. The crane will also be able to 
deal with roll changing on the 72 in. cold mill. 


Two Morris 6 ton semi-goliath cranes will handle coils 
on either side of the new slitting line. The cranes have 
a span of 48 ft. 6 in. and a crane rail height of 22 ft. 
The 6 ton hoist is fitted with a rotatable triple hook, and 
has a hoist speed of 30 ft. min. and a cross-traverse of 
100 ft. min. The cranes are controlled from the floor. 
Another 6 ton semi-goliath crane will work over a 6-coil 
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upender, and is similar to those described above, but has 
a shorter span of 29 ft. 6 in. and a crane-rail height of 
20 ft. Two further semi-goliath cranes will be installed 
to operate either side of the 72 in. cold mill when it is 
relocated. 


Finishing 


After cold rolling, the coils are transferred to the 
finishing bays, where they pass down various production 
lines, according to whether they are required for corru- 
gated building sheet, container sheet, or circles for 
holloware. Foil stock normally needs no further treat- 
ment after the final anneal. 


Heavy Shear Lines 

Coils required for building sheet pass down the heavy 
shear lines, where they are unwound, flattened by a 
roller leveller, cut to length by a flying shear, and finally 
corrugated. Some profiles are made in roller machines 
and others in brake presses. To obtain a much favoured 
stucco finish the coils are given a separate rolling opera- 
tion, using embossed rolls, before corrugating. 
Light Shear Lines 

Standard-sized container sheets are produced on the 
automatic light shear lines to which the coils are trans- 
ferred after leaving the temper mill. Passing through 
the plant at 600 ft./min., they are unwound, degreased 


workers concerned in the use of power presses in 

industry on the importance of a new and energetic 
outlook on the guarding of these machines is emphasised 
in the latest edition of *‘ Accidents—How They Happen 
and How to Prevent Them”* which has just been 
published. 

The booklet, which is based on certain accidents 
reported to the Factory Inspectorate, comments at 
length on accidents caused in the use of these machines, 
and describes in detail nine particular incidents. It 
notes the “ very severe injuries” which have been 
inflicted on many thousands of workers, and adds that 
the problems posed in seeking an effective safeguard 
are not easy, especially in view of the nature of the tools 
on any given machine. 

The ideal safeguard is described as one which per- 
manently prevents all access to the danger area, but 
this ideal can only be achieved to a limited extent 
because of the practical needs of industry. Another 
factor is the unfortunately all too common failure to 
give consideration to safety when tools are designed. 

Pointing out that the effective maintenance of all 
safety devices, especially guards of the movable type, 
is a highly important feature in securing safety for all 
workers, the booklet comments that in a number of 
factories there are still old type guards which have long 
ended their useful career and should be replaced. 

Even if sound safeguards are provided, it continues, 
many accidents occur through failure in the factory 
organisation to ensure that guards are effectively in 
position before persons are set to work on the machines. 
The evidence of accident investigation shows that these 
faults might lie at the door of the management who fail 
to plan, or see that planning takes place to ensure that 


Se need to focus the attention of employers and 


Aspects of Power Press Safety 


to remove excess rolling oil, inspected visually for sur- 
face finish and mechanically by a flying micrometer for 
gauge variations, and then cut to length by a barrel-type 
flying shear. In addition, the coils are edge-trimmed as 
necessary on one of the lines. 

Finally, the cut sheets pass through a classifier 
which separates them into three piles. Scrap that has 
been detected by a continuously operating thickness 
gauge or by the inspector, is placed automatically on the 
first pile ; the second pile is made up of sheet of doubtful 
quality selected by the inspector; and prime quality 
sheets are collected in the third pile. The sheets classi- 
fied as doubtful go for further examination to an inspec- 
tion line. 

Circle Line 

Circles are blanked from strip up to 18 in. wide. After 
leaving the slitter the coils are unwound, flattened, 
and fed into presses which blank from 120 to 500 circles 
per minute, according to size. Emerging from the presses, 
circles that are off-gauge or faulty in appearance are 
diverted and the others are visually inspected on both 
sides before being automatically stacked and counted. 
Packing and Dispatch 

At the end of the finishing bays, the various products 
are collected, carefully packed to protect the high-grade 
finish, and then despatched. 


safety has its part in the organisation of the factory. 

At lower level there is sometimes a careless approach 
on the part of shop supervision which permits, sometimes 
by reason of urgency, that machines shall be used with- 
out the safeguards being effectively applied. 

Tool setters have a special duty and responsibility in 
the prevention of power press accidents. But they were 
often tempted, quite wrongly, to suppose that while 
taking trial pressings there was no necessity to apply a 
guard. In consequence, many tool setters had suffered 
severe injuries. 

Many workers have been injured because the tool 
designers have failed to give consideration to methods 
of feeding or removing the work without the use of the 
operator's fingers directly in the danger area. There is 
much ignorance among tool designers on these matters, 
and it is suggested that firms who have tool design 
departments should make special arrangements to ensure 
that this important point is brought to the attention 
of their design staffs. 

Admittedly, tool costs may be increased, but these are 
very frequently offset by the increased production, 
which may result from a well-designed tool giving scope 
for mechanical systems of feeding and removal. This 
subject is also linked with automation, which in itself 
can ultimately be an important contribution to accident 
prevention. This is achieved either by reducing the 
number of persons at risk, or by eliminating the risk 
through the provision of mechanical feeding and removal 
devices. 

Of the annual toll of accidents at press tools, nearly 
one-half occurred at tools which were unguarded at the 
time. The reasons given for this were various, ranging 
from complete failure to see that a guard was provided. 
to neglect to use it when it was available and ready. 


* No. 5 M. =t itionery Office, price Is, 3d, net. 
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By W. J. Oosterkamp, 
J. Proper and 
M. C. Teves 


X-Ray Inspection of Hot Steel Billets 
During Rolling’ 


In an attempt to improve the finished product and to avoid needless waste of material by detecting 
cavities and inclusions during the rolling of hot billets, a trial installation was designed and con- 


structed by Phoenix-Rheinrohr AG, Diisseldorf, in which the steel billets were moved through a beam 
of 31 MeV. X-rays generated in a betatron, and the image observed with the aid of a special X-ray 


image intensifier and an industrial television system. 


The results of screening several thousand hot 


billets showed that 50°, of all holes 3 mm. thick were detected, and 90%, of all holes 7 mm. thick. 


furnaces, Bessemer converters or electric furnaces is 
cast into iron moulds, in which it solidifies into 
ingots weighing several tons. When solidification is 
complete, the ingots are removed from the moulds and 
transferred to the soaking pits prior to reducing in a 
cogging mill to billets or blooms some 30 ft. long and 
8 x 8 in. or more in cross-section. Frequently the billets 
are immediately subjected to further rolling operations 
to reduce them to bars or sections only an inch or so thick. 
A problem encountered in this procedure arises from 
cavities which may form in the ingot during solidifica- 
tion, which, if not welded up by rolling, materially 
weaken the finished product. Similar weakening may 
arise from slag inclusions in the steel. Experience has 
shown that defects of this kind are particularly prevalent 
in that part of the billet corresponding to the top end of 
the ingot, and it is therefore established practice to 
remove a length of several feet from this end and discard 
it as scrap. Inspection of the cut face for holes or 
inclusions reveals whether too much or too little has been 
discarded. The presence of such defects, however, can- 
not be very clearly observed on the red-hot metal. Con- 
sequently, it is quite possible that, in fact, too little will 
be removed, which means that poor-quality steel is 


ie steelworks the molten steel from the open hearth 


© This article was first pudlished in Philips Technical Review, 1959 60, 21 (10), 
281-285. Acknowledgment is made to the Editor-in-Chief for permission to 
reproduce the article here. 
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passed for further processing, or that, to be on the safe 
side, too much is cut off, which is a waste of good 
material. 

It is evident that X-ray investigation of the hot 
billets in the rolling mill would result in a considerable 
saving of material, and also make for a more reliable 
product. Furthermore, it would show whether defects 
were present in parts of the billet other than the discard, 
and finally—and this is perhaps the most important 
point—it would provide a practical and simple means of 
investigating the effect of various production factors on 
the formation of cavities and other casting defects. It 
was indeed similar considerations that led to the wide- 
spread adoption of X-radiography for the inspection of 
welds; apart from its great usefulness for routine 
inspections, radiography has also contributed substan- 
tially to the improvement of welding techniques.' 

In the present case it is a matter of detecting holes, or 
inclusions, measuring only a few millimetres across, in a 
steel billet at least 200 mm. (~8 in.) thick, and which, 
moreover, is moving at a steady rate of, say, a foot or 
two per second. For this purpose the normal X-ray 
equipment for industrial radiography, using X-radiation 
up to 300 keV., is hopelessly inadequate : the half-value 


1 An alternative and widely used method of non-destructive testing is by 
means of ultrasonic vibrations ; this is not suitable for examining hot billets, 
however, because of excesaive damping in the material at the temperatures 
involved. 
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layer of steel for X-ray energies of 300 keV. is 6-5 mm. 
which means that this radiation is attenuated in steel 
200 mm. thick by a factor of about 2-*° or 10-*! 

At the steelworks of Phoenix-Rheinrohr AG, Diissel- 
dorf, plans were developed to tackle this problem with 
the aid of various modern devices: a betatron as 
radiation source, an X-ray image intensifier as detector, 
and an industrial closed-circuit television system for the 
final display. Preliminary tests and investigations, for 
which Philips made available a special X-ray image 
intensifier (designed for other purposes), led to the con- 
clusion that the envisaged equipment would meet the 
requirements. One of the rolling plants at Phoenix- 
Rheinrohr was then equipped with a trial installation, 
and several thousand hot billets were subjected to X-ray 
fluoroscopy. Some particulars of this installation and 
of the results obtained are given below.? 

The betatron radiation source, a product of Brown 
Boveri (Switzerland), generates X-ray energies up to 


2 For a detailed report see W. Liickerath, K. Fink and R. Flossm sun, Stahl und 


Bisen, 1959, (22), 1637. 


Betatron tube. 

Beam of 31MeV. X-rays. 

Copper equalising absorber. 

Steel billet moving along roller table under betatron. 

Roller. 

X-ray image intensifier tube. 

Lead layer over aluminium window of 6. 

Optical system. 

Television camera tube. 

10. Television video circuits. 

It. Display tube. 

12. Aluminium plate shielding the betatron from the heat- 
radiated by the hot steel. 

13. Water-cooled heat-radiation shield for the image-intensifier 
tube. 

14. Lead shield to prevent scattered X-rays from penetrating 
into the image intensifier. 


Fig. Schematic cross-section of the trial installation 
at Phoenix-Rheinrohr, Diisseldorf, for visual X-ray 
inspection of hot steel billets during rolling. 


31 MeV. This extremely hard radiation can be used 
for fluoroscopy of relatively very thick materials, 
especially since the betatron gives an appreciable 
intensity, comparable to that of an X-ray tube working 
on 300 kV., 10 mA. What is more, an X-ray energy in 
the region of 30 million electronvolts is about the most 
favourable that can be chosen in this case, the penetrat- 
ing power in steel then being greatest; at higher 
energies the absorption in steel progressively increases 
as a result of pair production. Nevertheless, the half- 
value layer of steel for 31 MeV. radiation is only 34 mm.. 
which is still much smaller than the object thickness. 
After traversing 200 mm. of steel, the rays are reduced in 
intensity to about 2-*, i.e. to roughly 1°, of the initial 
value. Observation at this low residual intensity is made 
possible by the X-ray image intensifier, to which we shall 
refer presently. The third part of the installation is, as 
mentioned above, an industrial television system for 
remote display of the image formed on the viewing 
screen of the image-intensifier tube. This television 
equipment uses an image-orthicon camera tube and was 


|. Betatron tube. 

4. Steel billet. 

6. X-ray image intensifier tube. 

9. Television camera tube. 

12. Aluminium plate shielding the betatron from the hezt 
radiated from the hot steel. 

13. Water-cooled heat-radiation shield for the image-intensifier 
tube. 

15. Power pack for betatron. 

16. Second television camera, enabling observer to keep an eye 
on the movement of the billet. 

17. One of the concrete walls that help to shield the environ- 
ment against X-radiation scattered from the billet. 


Items 6 and 9 are mounted on a carriage to permit lateral dis- 
placement. 


Fig. 2._-Perspective sketch of the installation. 
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Aluminium wall of tube. 
Fl, X-ray screen. 


Photocathode. 
E Focusing electrode. 
Anode. 


Fi, Viewing screen. 

Glass viewing window. 
el Electron path. 

p  Equipotential surface. 
Pb Lead layer. 


Fig. 3._-Cross-section of Philips 9 in. X-ray 
image intensifier placed at the disposal of 
Phoenix-Rheinrohr AG. A number of electron 
paths (el) and the cross-sections of a number 
of equipotential surfaces (p) are shown. For 
the purpose of the experiment a lead layer (Pb) 
was fitted over the aluminium wall covering 
the X-ray screen: the incident 31 MeV. X- 
radiation (X) releases electrons from this layer. 


supplied by Fernseh G.m.b.H., of Darmstadt. A full- 
size image of the viewing screen is formed in the usual 
way on the photocathode of the image orthicon by a 
conventional optical system. The use of television offers 
several advantages. In the first place it is the easiest 
answer to the problem of safely positioning the observer, 
who cannot of course be immediately behind the intensi- 
fier viewing screen, where the level of residual radiation 
is still dangerously high. Further, the television system, 
with its extremely sensitive image orthicon, enables a 
luminance gain to be obtained that supplements that of 
the image intensifier. Finally, it is a simple matter in a 
television circuit to provide for contrast intensification .* 
All these favourable factors make it possible in the 
installation described to achieve better detail per- 
ceptibility than if the viewing screen were observed by 
means of mirrors and a telescope—a method which, 
although safe for the observer, is hardly a reasonable 
proposition in a steel-rolling plant. 


Since a uniform brightness is obtained in the whole 
field of view during the screening of the rectangular- 
sectioned steel billets, a considerable degree of contrast 
intensification may be applied. To obtain a uniform 
intensity distribution across the X-ray beam from the 
betatron, a suitably shaped equalising absorber is placed 
in front of the betatron window. 


The layout of the installation is illustrated in Figs. 1 
and 2, and some additional details are mentioned in the 
captions. 

The X-ray image intensifier works on the following 
principle : X-rays falling on a fluorescent screen excite 
an image, the photons of which release electrons from a 
photocathode in contact with this fluorescent screen. 
These electrons are accelerated by a high potential 
(25 kV.) and focused on a second fluorescent screen, the 
viewing screen. The image intensifier placed at the 
disposal of Phoenix-Rheinrohr (see Fig.3) had a tube wall 
made entirely of aluminium and gave an electron- 
optical reduction of more than 10 times, and an overall 
luminance gain of about 1,200 times. The field of the 


3 Contrast control, but usually with the object of attenuating instead of intensify - 
ing contrast, is common practice in television, a gamma corrector circuit being 
used for the purpose. See e.g. Philips Tech. Rev., 1953/54, 1§, 227 et seq. 
The circuit there employed permits a contrast gain of up to 1-5. Other 
cirenits are used for obtaining the much higher contrast intensification 
required in the present case 
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image intensifier, i.e. the diameter of the X-ray fluores- 
cent screen, is 9 in.; this is the same as that of the 
recently introduced image intensifier for medical 
applications. It is thus an intermediate size between 
the types earlier described,* of 5 in. and 11 in. For use 
in conjunction with the betatron, a layer of lead 2 mm. 
thick was fitted over the aluminium window of the 
intensifier. This was done because only a very small 
fraction of the 31 MeV. radiation is directly absorbed by 
the X-ray screen and used for producing the fluorescent 
light. In the lead, the 31 MeV. X-rays release electrons 
that possess an energy of about 10 MeV. and travel in 
directions not very different from the beam of X-rays. 
These electrons pass through the aluminium window 
without appreciable scattering (the window is only 
1 mm. thick) and in the fluorescent screen, fitted on the 
inside of the window, they excite about 4,000 photons of 
fluorescent light per electron. Image intensification then 
occurs as already outlined above, and each 10 MeV. 
electron from the lead gives rise finally to 400,000 light 
photons from the viewing screen. 

It is worth pausing here to reflect on the remarkable 
sequence of particle interactions occurring in this equip- 
ment. Electrons, accelerated in the betatron, generate 
X-ray photons in the target, and these, after passing 
through the object, liberate in their turn electrons from 
the lead shield. These strike the X-ray screen, where 
they excite light photons, which again release electrons 
from the photocathode. These electrons, after accelera- 
tion, finally produce light photons again in the viewing 
screen. In the television system there is the further 
sequence of electronic phenomena by which the picture 
information is transmitted to the picture tube, where it is 
again converted to light photons that finally reach the 
eye of the observer. 

The extremely high gain obtained in the X-ray image 
intensifier (and in the television circuit) does not alter 
the fact that the information, upon arrival in the image 
intensifier, is carried by a relatively low number of X-ray 
quanta. A high “ noise ”’ level in the picture is therefore 
inevitable.» The effect is reduced to some extent by the 


4 Teves, M. (., and Tol, T., “ Electronic intensification of fluoroscopic images,” 
Philips Tech. Rev., 1952/53, 14, 33-43 (description of 5 in. tube). The 11 in. 
tube is described in Philips Tech. Rev., 1958/59, 20 (11), 331-345. ome 

5 For a more detailed consideration of noise in X-ray images see: Tol, T., ari 

Oosterkamp, W. J., “ The application of the X-ray image intensifier, LI. 

The perception of small object-detail,” Philips Tech. Rev., 1955/56, 17, 
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afterglow of the television picture tube, in which each 
image element is integrated over a certain time. Of 
course, the afterglow persistence may not be unduly long 
in view of the fact that the steel billet is a moving object. 

In spite of the remaining noise, the trial installation 
gave surprisingly good results. Penetrameter measure- 
ments (i.e. determination of the thinnest wires still just 
perceptible) yielded the curve shown in Fig. 4. This 
indicates that, in a fluoroscopic examination of a steel 
billet 200 mm. (8 in.) thick, steel wires of 4 mm. diameter 
on the billet can still be observed. A statistical analysis 
was made of the casting defects found during the screen- 
ing of several thousand hot steel billets at Phoenix- 
Rheinrohr, against the defects found during the sub- 
sequent inspection of cold sawn-off sections. The con- 
clusion was that screening in this way discloses 50°, of all 
cavities 3 mm. thick and 90% of all cavities 7 mm. thick. 


6 
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Fig. 4._-Perceptibility of thin wires on a steel billet (pene- 


trameter test) during inspection with the installation 

described. The percentage thickness (d/D) of the thinnest 

wire still just perceptible is plotted as a function of the 
thickness D of the steel. 


v Yhe first conference on automation in the iron and 
steel industry, organised by the British Lronand Steel 
Research Association, was held at the Palace Hotel, 

Buxton, on October 12th, with Mr. W. M. Larke 
in the chair. The opening address was delivered by 
Lord Halsbury, president of the Operational Research 
Society and one of the pioneers of computer technology 
in this country. He examined briefly the four types of 
operations which fell under the heading of the term 
* automation.” Of these—transfer machining, assem- 
bling and packaging, batch and continuous process 
control, and data handling processes—the latter two, he 
believed, had the greatest applicability to the iron and 
steel industry. Lord Halsbury emphasised that the first 
step toward automation in any industry was the collec- 
tion of operating data by means of full plant instrumen- 
tation. Only after complete operating data was available 
could the necessary operating rules be calculated for use 
with ‘on line computers in the automatic control of 
processes. 

Mr. 8. 8S. Carlisle, an assistant director of B.I.S.R.A. 
with responsibility for automation matters, followed the 
opening address with an introductory review of automa- 
tion in the industry. In this he discussed some sections 
of steelworks practice where the technology was already 
available to apply more automation. Examples were 
hot and cold strip mills, primary and plate mills and 
forging presses. There was, moreover, virtually complete 
instrumentation of the blast furnace and open hearth 
furnace. It was, however, still necessary in most 
instances, either to evaluate the case for further auto- 
mation, or to learn yet’ more about the fundamental 
logic and technology of the processes, so that the rules 
that Lord Halsbury had spoken of could be determined 
and then built into the computer control. 

A paper was then delivered by Mr. R. C. Gardner, of 
The Reed Paper Group on automation in the paper 
industry, and this was followed by a general discussion 
during which representatives from other industries con- 
tributed accounts of their experiences of automation 
development. 

The final session of the conference was devoted to a 
brains trust, under the chairmanship of Lord Halsbury, 
consisting of : Mr. W. F. Cartwright, Dr. J. H. Chesters, 


Automation in the Steel Industry 


Mr. M. F. Dowding, Mr. R. H. Tizard, Mr. A. J. Young, 
and Mr. M. J. F. Coales. The intensive exchange of 
questions and answers that took place during this 
session was witness to the success of the conference, 
the primary aim of which was to stimulate the industry's 
interest in automation and suggest ways in which it 
might profitably be applied in the near future. 

It was generally felt that this conference should be 
followed by others which would proceed to consider 
specific aspects of a subject of immediate technical and 
economic importance. 


Orders for Conveyors 

Wituin three months of the announcement of an 
agreement being signed between Brown, Lenox & Co., 
Ltd., of Pontypridd, and the Palmer-Bee Co. of Detroit, 
Michigan, U.S.A., orders have been booked for £400,000 
worth of heavy duty conveyors and auxiliary equipment 
for steel rolling mills. These are to be built by Brown, 
Lenox & Co., Ltd., to the designs and specifications of 
the Palmer-Bee Co. The orders include coil conveyor 
equipment for the Spencer Works at Llanwern of 
Richard Thomas and Baldwins, Ltd., and for Colvilles 
new steel strip mill in Scotland. Another contract for 
similar equipment has been secured from the Steel 
Company of Wales, Ltd., for Velindre Works. 


Mineral Wool Production 
Propuction of mineral wool—an insulation material— 
has been improved and quickened by using oxygen at 
the Stillington, Co. Durham, works of Stillite Products, 
Ltd. Mineral wool is produced mainly from the oxides 
of silicon, aluminium, calcium and magnesium. The 
raw material is melted in coke fired cupolas. Melting 
takes place very quickly and, without oxygen, unevenly, 
because of the different constituents of the raw material. 
By boosting the temperature with an air-oxygen blast 
(oxygen provided by British Oxygen), melting is more 
even and there is a greater degree of control. There is 
also an appreciable speed-up in the actual melting 
process. Mineral wool is used extensively for heat and 
cold insulation, and as an insulant for liquid oxygen 
storage tanks. It is also used for sound insulation, 


acoustie correction, and as a filter medium. 
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Semiconductors—Their Production 


and Properties 


By 


W. H. Dennis, 


B.Sc., M.1.M.M. 


The properties peculiar to the class of elements known as semiconductors have led to a 


remarkable increase in use in electronic devices during the last decade. 


In this article 


the author refers briefly to the properties of semiconductors before proceeding to an 
account of the techniques used in the recovery and processing of the three principal ones 
germanium, silicon and selenium. 


attention has been directed to a small number of 

elements, notably germanium and silicon, collec- 
tively known as the semiconductors, their electrical 
conductivity being intermediate between those of 
metals and insulators. So intensive has been the re- 
search and development work in this field that the 
semiconductors are seriously challenging the role of the 
thermionic valve which has for so long held sway in 
the rectification and amplification of electronic currents. 
The chief members of the group are shown in Table I, 
which includes for comparison a metal conductor and 
an insulator. 


Features of Semiconductors 

The semiconductors exhibit a number of exceptional 
properties not found in any other class of materials, 
which are of great practical value and have been utilised 
in a number of ways. These properties can be briefly 
summarised as follows : 

(1) The electrical conductivity of selenium is markedly 
affected by variation in the intensity of light, increase 
causing a decrease in resistivity. This property has been 
utilised in many directions, notably in the selenium 
photo-conductive cell. As an example, the cell has been 
adapted for automatically lighting and extinguishing 
the lamp in harbour buoys. As daylight fades the 
resistance of the cell increases, causing a switch to turn 
on the light. As night gives way to daybreak the 
reverse occurs, resistance decreasing, the light being 
switched off. 

(2) The conductivity is likewise influenced by small 
changes in temperature, increase causing a decrease in 
resistivity. 

(3) When a suitably prepared specimen is exposed 
to light, a flow of current is provided, the strength of 
which varies with the light source. With maximum 
illumination the voltage developed at present is about 
0-3 volts: the assembly is known as the photo-voltaic 
cell. Probably the best known application of this 
principle is the photographic exposure meter, in which 
the cell is connected to a micro-ammeter calibrated in 
light intensity units. The latest use of these cells is in 
artificial satellites and other space vehicles, in which the 
solar-powered cells provide its radio-transmitter with 
sufficient current to keep contact with stations on the 
earth. 

(4) The conductivity and other electrical properties 
of germanium and silicon are greatly influenced by the 
presence of small amounts of other elements, and thus 
these properties may be altered or varied at will by the 
regulated addition of impurities. 


G ater the advent of the transistor in 1948, increasing 
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rABLE I.—ELECTRICAL RESISTIVITIES OF SEMICONDUCTORS 
(microhms per centimetre cule) 

Material Type Resistivity 
Copper Conductor 1-56 
Germanium Serniconductor lw 
Silicon Semiconductor 104 — 
Selenium Semiconductor s 1 
(ilass Insulator 


(5) When used in conjunction with suitable contacts, 
current from an external source flows much more readily 
in one direction than the other. In effect, the current 
becomes uni-directional, alternating current being recti- 
fied to direct. Whilst this characteristic has been 
utilised in the selenium rectifier for many years, ger- 
manium and silicon diode rectifiers are of more recent 
application, but are rapidly establishing themselves 
because of small size and superior rectification and 
amplifying efficiency. Recent typical applications to the 
metallurgical industry include electrolysis, sodium pro- 
duction and copper refining. 

(6) The discovery of the amplifying properties of a 
germanium crystal triode was made in 1948 by the Bell 
Telephone Company in the U.S.A. This was named 
a transistor and consisted essentially of two phosphor 
bronze wires making contact with the surface of a 
germanium crystal. This point contact type has now 
been largely replaced by the junction transistor, con- 
sisting of germanium or silicon crystals of two types 
induced by the addition of regulated amounts of other 
elements. 


(7) In a somewhat different field, semiconductor 
refrigerators have been developed capable of achieving 
temperatures in the region of minus 40° C. and which use 
neither chemicals nor electric motors. The operation of 
these new machines depends on the use of very small 
compact units of semiconductor material which provide 
a strong cooling effect when an electric current is fed in. 
Such refrigerators are inherently highly efficient, they 
are compact, they require no moving parts, and they do 
away with the necessity of a cooling liquid. 

The advantages of the transistor compared with the 
thermionic valve are that no current is required for 
heating and no vacuum is necessary. Moreover their 
small size and robust construction have certain obvious 
technical and economic benefits. 

The disadvantages are that in addition to high cost 
(pure silicon costs £100 per pound), the amount of 
power handled at present is limited to a few watts, and 
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Fig. 1._-Flowsheet for germanium production. 


also the ability to amplify over the whole range of 
frequencies used in radio and industrial electronics is 
limited. 


However, the advantages of both the semiconductor 
diodes and triodes over the more conventional devices 
are such that many millions are now being produced 
every year, and it would seem certain that their scope 
will be considerably extended as research succeeds in 
bringing down the cost and overcoming their power 
limitations. 


Recovery and Processing 


The production of germanium, silicon and selenium 
for electronic usage require that they be processed to a 
high degree of purity, for the properties of the material 
are very sensitive to the influence of foreign atoms in 
their structure. Having secured the element in a pure 
form, further processing is necessary in the case of 
germanium and silicon to promote the production of 
single crystais necessary to secure the requisite proper- 
ties. As the raw material and methods used in the 
preparation of the materials differ in considerable detail 
it is necessary to consider each element separately. 

Germanium 

Though of widespread occurrence in the earth’s 
crust, germanium is not found in quantities large enough 
to permit of economic extraction, output resulting 
solely as a by-product as a consequence of the treatment 
of other materials. The chief commercial source is the 
cadmium fume resulting from the processing of zinc 
ores. This forms the raw material for the largest 
producers, namely America and Belgium. Germanium 
is also present in certain types of coal and this forms the 
chief British source, the material concentrating in the 
flue dusts from boiler installations, gas producer plants, 
etc., containing up to 0-75°%, germanium. Production 
of germanium in this country was initiated some eight 
years ago by Johnson Matthey & Co., Ltd., the precious 
metal refiners. From whatever source, the element is 
separated (Fig. 1) from contaminating materials by distil- 
lation of its tetrachloride from strongly hydrochloric 
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Fig. 2.—Diagrammatic representation of the method 
employed in zone refining. 


acid solutions. The chief impurity—arsenic—also forms 
a chloride, and it is almost impossible to separate the two 
chlorides by fractional distillation, since arsenic tetra- 
chloride is appreciably volatile at the distillation tem- 
perature of germanium tetrachloride. The method of 
separation in general use involves the use of copper, with 
which arsenic tetrachloride reacts to form cuprous 
chloride and copper arsenide, whereas germanium 
tetrachloride is unaffected. Refluxing of the chlorides 
in the presence of copper thus serves to eliminate the 
arsenic. Hydrolysis of the tetrachloride with water 
results in the precipitation of germanium dioxide, 
which is filtered off, washed and dried. Reduction of 
dioxide to metal is carried out by heating in a current 
of hydrogen at a temperature of 600-650° C., a final 
temperature of 1,000°C., consolidating the metal 
powder into ingot form. 

The metal still contains trace amounts of such im- 
purities as arsenic, antimony, indium, sulphur and iron, 
and further purification is thus necessary. This is 
generally achieved by a process known as zone refining 
and is based on the segregation of impurities between 
a molten and a solid part of the material under the 
influence of heat. An ingot of the metal contained in 
a quartz boat is placed in a long quartz tube through 
which circulates an inert gas such as argon. Heating 
is secured by surrounding the tube at intervals by 
induction coils which are so arranged as to travel slowly 
along the axis from one end of the ingot to the other, 
thus enabling several molten zones to traverse the ingot 
at the same time. The impurities present tend to 
remain in the molten zone and concentrate in that end 
of the ingot towards which the coils are moving leaving 
the rest of the ingot in a pure condition. By breaking 
off the impure end of the ingot and repeating the process, 
purification to a high degree may be effected. In some 
forms of zone refining the coils are stationary, the 
crucible containing the metal being caused to travel 
slowly through the length of the quartz tube (Fig. 2). 
Formation of Single Crystals 

This is achieved by controlled solidification in the 
presence of a specimen specially prepared from a previous 
batch and known as the seed. The zone-purified 
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Fig. 3.—Sketch of apparatus for crystal drawing. 
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germanium is melted in a crucible (Fig. 3) and the seed in 
rod form is then lowered on to the surface of the molten 
metal. Carefully controlled conditions keep the tem- 
perature high enough to melt the tip of the seed and low 
enough for a meniscus of liquid metal to be held up 
from the molten metal by surface tension. When a 
sufficient diameter of solidification has been formed 
around the tip, the seed is automatically raised at about 
a rate of three inches per hour. This results in a growing 
column of solid germanium being pulled up from the 
melt in the form of a single large crystal. The operation 
is carried out in an atmosphere of argon or hydrogen to 
obviate any atmospheric contamination. The intro- 
duction of other elements to attain some desired attribute 
is done by adding to the crucible a weighed amount of 
the requisite material. 

The single crystal is shaped into a square section and 
cut into 0-02 in. wafers by means of a small precision 
saw of a type used for cutting diamonds. Finally, the 
wafers are cleaned and given the necessary surface 
finish by etching in acid. Recently a method of growing 
germanium crystals as thin uniform flat ribbons has been 
developed. This eliminates the slicing into thin wafers, 
grinding, cutting into small squares, and finally polishing. 

Silicon 

Next to oxygen, silicon is the most plentiful element 
in nature, for it is the main constituent in sand, soil and 
rocks. It is never found uncombined, but nearly always 
linked with oxygen as the oxide, silica. In Great 
Britain the chief producer is imperial Chemical Indus- 
tries, Ltd., with an output of approximately 2,000 Ib. 
per annum. 
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Fig. 4.—-Flowsheet for selenium’ recovery. 


The raw material used in the production of silicon 
is quartz sand or sand stone which has been  . ashed 
and ground, washed free of clay and loam, and acid 
leached to remove iron oxide. Reduction of the oxide 
to metal is carried out in an electric are furnace in the 
presence of carbon. Metal of 98-99%, purity is pro- 
duced. Substantially pure metal is obtained by frac- 
tional distillation of the tetrachloride followed by 
reduction with zinc, the chloride, together with zine 
vapour, being led through a quartz tube held at a 
temperature of 1,000° C., pure silicion being deposited 
on the walls of the reaction vessel. Alternatively, the 
tetrachloride can be reduced by lithium aluminium 
hydride to yield gaseous silane (SiH,). By liquefaction 
and fractionation a substantially pure product can be 
obtained which, on decomposition at temperatures 
above 400° C., breaks down into silicon and hydrogen. 
The principal trace impurities in the silicon are generally 
boron and phosphorus—of the order of a few hundredth 
parts per million—at which level the silicon is sufficiently 
pure to render unnecessary any further refining treat- 
ment. Zone refining is, however, practised where 
necessary. The technique of producing single crystals 
by vertical pulling is essentially the same as that for 
germanium. 

Selenium 


Selenium, true to its chemical similarity with sulphur, 
forms compounds analogous to sulphides as in the 
selenide minerals naumanite (Ag,Se), clausthalite (PbSe) 
and eurcairite (AgCu),Se. Sulphides and selenides 
frequently occur together, practically the whole output 
of selenium being derived from the treatment of Canadian 
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and American copper sulphide ores. When these ores 
are smelted, the selenium accompanies the copper 
through the successive reverberatory and conversion 
treatments, being concentrated in the blister copper 
which may contain up to 0-1°, selenium. During the 
subsequent electrolytic refining, the selenium, being 
insoluble, remains either on the anode or gravitates 
to the bottom of the tank as slime with other 
insolubles, 


The selenium content varies from 1 to 20°,, with 
10-40°,, copper. Since the slimes contain tellurium, 
gold and silver, their separation and recovery is an 
integral part of recovery operations (Fig. 4). The slime is 
roasted with 50°, of its weight of sulphuric acid, the 
copper content thereby being rendered water soluble. 
Selenium, being highly volatile, vaporises during the 
operation and is exhausted to water scrubbers and 
electrostatic precipitators. Some 75°, of the selenium 
is eliminated during the roasting treatment, being 
recovered as crude metallic selenium and selenous acid 
solution. 


Water leaching of the roasted slimes removes the 
copper as copper sulphate, the copper being recovered 
by electrolysis, the sulphuric acid liberated during the 
process being concentrated for re-use in roasting. The 
leached slime is treated with 10°, caustic soda which 
dissolves most of the tellurium, its recovery being 
effected by neutralisation with acid, tellurium precipi- 
tating as the dioxide. The caustic-leached slime con- 
taining gold, silver and the remainder of the selenium 
is charged to a small reverberatory together with soda 
ash and silica. The slime readily melts and forms a 
slag which is skimmed off. This slag contains most of 
the minor impurities such as lead, arsenic and iron. 
Nitre and more soda are added and a further slag con- 
taining residual copper is removed, the furnace metal 


Fatigue Testing Co-operation 


STEEL subjected for a short period to extreme stresses 
reacts in a manner diametrically opposed to that of some 


light alloys. This discovery was announced by Dr. 
Hempel of Germany at a meeting of the Working Party 
on Fatigue Failure in Metals, organised by the European 
Productivity Agency of the O.E.E.C. This working 
party was set up because a series of failures—among 
them being the accidents to certain airliners—revealed 


that too little was known about the nature and causes of 


fatigue in metals. It was decided that at least five 
thousand testpieces should be tested to destruction, 
particular emphasis being laid on the effects of variations 
in the degree of stress applied. 

To attempt to carry out this work in a single labora- 
tory, or even a single country, would take far too long, 
and this is one of the instances where international 
co-operation, co-ordinated by a central organisation, 
can be so useful. In fact, the tests are being carried 
out in nine European countries, in the United States, 
and in Canada. So far some five hundred testpieces have 
been used, chiefly with the idea of establishing whether 
the working methods and the stresses agreed on in 
advance were suitable. They have proved to be so, and 
work is now about to begin on the main batch of five 
thousand testpieces. They will be tested for varying 
periods at four different stresses, known for convenience 


then being cast into anodes, from which the gold and 
silver is recovered by electrolysis. 

The gases leaving the reverberatory furnace con- 
taining most of the residual selenium are scrubbed, 
the resulting sludge being filtered, the solution pumped 
to the selenium recovery plant, and the filter cake 
containing silica, arsenic, selenium, tellurium, ete., 
returned to the roaster for retreatment. 

Recovery of selenium from the selenous solution is 
effected by precipitation with sulphur dioxide gas 
H,SeO, — 2 SO, + H,O = 2 H,SO, + Se. 

The precipitated selenium is allowed to settle, the 
supernatant solution being decanted and pumped to 
the acid recovery plant. The settled selenium is 
filtered, dried and refined by distillation in iron retorts. 
Retorted metal assays 99-5°, selenium, and for elec- 
tronic usage is redistilled to vield a 99-99°, purity 
product. 

The world output of selenium — 500 tons per annum—is 
on a considerably greater scale than either germanium 
(45 tons per annum) or silicon, for in addition to its use 
as a semiconductor it has many other outlets, notably in 
the glass industry. Small amounts (0-01°%,) added to the 
ordinary grades of glass neutralise the undesirable green 
tint due to iron, yielding a crystal clear product in 
demand as bottles and containers by the food and drink, 
cosmetic and pharmaceutical industries. Much larger 
amounts (2-5°,) are incorporated for the production of 
ruby red glass for car rear lights and railway signal 
lamps. 

The characteristic of selenium of imparting a red 
colour has also been utilised in the pigment and paint 
industries. Combined with cadmium, such materials 
are also used in the plastic and rubber industries for 
producing reds superior in non-fading and heat-resisting 
properties as compared to organic pigments. 


as Sl, S2, S3 and S84. The value of S4 used by Dr. 
Hempel was 70 kg./sq. mm. 

Although these preliminary tests were not expected to 
yield any results, it rapidly became apparent that steel 
subjected to stress of this severity for even a short time 
subsequently cracked up very fast under much lower 
stresses—S1 or S2. The effect on various light alloys, 
however, was to harden and strengthen them so that 
they subsequently stood up better to prolonged periods 
of moderate stress than they did when not subject to an 
initial period of high stress. 

As M. Crussard, of the Institut de Recherche de la 
Sidérurgie, Chairman of the Working Party, pointed out, 
it is extremely heartening to have even a partial result 
at this early stage, and one which obviously gives a 
useful lead for further experiments. The main body of 
tests, spread out over eleven countries, will be completed 
within a year, and the results will go a long way towards 
making machines safer and more durable. 


SCHLOEMANN AKTIENGESELLSCHAFT, Diisseldorf, are 
building a continuous wire rod mill for the Kléckner- 
Werke A.G., Hiitte Haspe, which will comprise a 
roughing train consisting of eight stands, two inter- 
mediate trains each having four stands and a finishing 
train with eight stands. 
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The Advantages of Aluminium Foil for 


Transformer Windings 


an alternative to copper is well-established in the 
electrical engineering field, although there is not 
at the moment any signs of the one metal completely 
displacing the other. To date the main applications 
have involved wire or extruded sections, although foil 
has long been used in the production of capacitors. 
During recent years, however, attention has been 
directed to the replacement of copper wire by aluminium 
foil for the windings of transformers. 

As copper is in wire form and as aluminium for this 
application is in strip or foil form, the same coil-winding 
machinery cannot be used, and the prospect of having 
to change some of their plant may have deterred trans- 
former manufacturers from giving to aluminium the 
attention that its advantages, both technical and 
economic, warrant. Aluminium foil is particularly 
suitable for the windings of small instrumentation trans- 
formers. 


r SHE use of aluminium as a conductor material as 


Aluminium Foil v. Copper Wire 


Annealed aluminium has an electrical resistivity of 
2-665 microhm em. against a figure for copper of 1-588. 
Thus, to carry a given amount of current, the volume of 
aluminium must be some 60°, greater than that of 
copper. This does not, however, mean that the resultant 
aluminium foil winding would necessarily be larger than 
one made conventionally from copper wire. In any 
winding consisting of round wire there must be con- 
siderable air space, for in its cross-section one wire is in 
contact with those around it only at points. The use of 
flat aluminium foil enables one turn to be in complete 
contact with the next, thereby permitting the total area 
occupied by the winding to be reduced to a minimum. 

Copper is nearly three and a half times as heavy as 
aluminium. Whilst as shown above, one needs 60°, 
more aluminium than copper by volume to achieve the 
same electrical conduction, the greater relative weight 
of copper causes an aluminium foil winding to weigh 
only about half that of a copper wire winding of equiva- 
lent performance. As so much electrical apparatus 
nowadays has to be portable or designed for use in 


vehicles, and especially in aeroplanes, lightness is of 


considerable importance. 

Although machines for winding copper wire trans- 
former coils cannot be used for producing aluminium 
foil coils, machines for the latter can be much simpler in 
construction, for there is no need of a traversing mech- 
anism such as is required to wind wire in layers. A 
winding of aluminium foil can also be made much more 
quickly. The costs, therefore, of making the necessary 
change in production techniques would not be so high 
as might at one time have been feared; in any case, 
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By L. W. Swann 


(Fisher's Foils, Ltd.) 


they would be followed by immediate economies both 
in labour and in the purchase of the raw materials. 


Insulation of Windings 


In insulating one turn from the next in an aluminium 
foil transformer coil one has the choice of several methods. 
Firstly, the foil may be wound up with paper or film 
such as Melinex. It is, however, recommended that the 
completed foil be sealed or impregnated by one of the 
varnishes so widely used in the electrical trade. By 
this means, increased rigidity is given to the coil, whilst, 
at the same time, guarding against the penetration of 
moisture. Most varnishes are designed to withstand 
temperatures up to 90° C., although, in cases where the 
heat generated by the transformer is greater, silicone and 
epoxy resins should be employed, which are satisfactory 
up to about 200° C. 

A much-favoured method of providing insulation for 
aluminium foil windings is that of anodising. It has 
two great advantages. Firstly, the anodic coating will 
withstand high temperatures ; secondly, by being so 
very thin—seldom exceeding 0-0002 in., and thus much 
thinner than interwound insulation such as paper or 
film—it enables the size of the finished coil to be reduced 
to an absolute minimum. A reason that this technique 
has not hitherto been adopted to an extent warranted 
by its merits is the limited facilities available in Britain 
for continuous anodising. During the next year or so 
there is likely to be more of such plant brought into 
operation. This in itself should do much to promote 
further the manufacture of aluminium foil transformers. 

The third means of providing inter-turn insulation 
still under investigation—is one which, when brought 
finally to perfection, will possess many advantages. 
The method entails the application to the foil, by means 
of a suitable coating apparatus of a resin or lacquer of 
the two-stage type, which is then dried off sufficiently 
to enable the foil to be reeled up. The foil is then slit 
into reels of suitable width, which are used by the trans- 
former manufacturer for winding the coils. These are 
afterwards submitted to a heating, or final curing. 
process, when the coating softens and fuses. On cooling, 
the coil becomes of one solid piece. 

The merits of this technique are that by a simple 
coating applied to the foil one provides the inter-turn 
insulation and essential rigidity. The thermo-setting 
property of the coating is designed to ensure that it will 
withstand the heat that might later be generated within 
the coil during use. Although there are certain problems 
yet to be overcome before this method of manufacture 
can be adopted, there is every reason to suppose that it 
will revolutionise the construction of the instrumentation 
type of transformer. 
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Electrical Conduction Equivalents 


In an admirable paper by Rata and Haggitt, of Alcan 
Industries, Ltd., which appeared in the June, 1960, 
issue of Electrical Times, the authors give many detailed 
technical recommendations of the utmost value to trans- 
former manufacturers wishing to undertake development 
work upon foil windings. Of particular interest is 
Table I, which provides a selection of foil sizes repre- 
senting the equivalents in electrical conductivity of 
round copper wires in several different gauges. 

In arriving at an aluminium foil equivalent of any 
round copper wire, one should take the cross-sectional 
area of the wire and increase it by about 64°, to allow 
for the higher resistivity of the aluminium. The new 
cross-sectional area for the aluminium thus arrived at 
may then be expressed in width and thickness of many 
combinations, as illustrated in the Table. For example, 
a narrower coil may be made with thicker foil ; whilst a 
coil whose overall diameter must be limited can be made 
with thinner but wider foil. 

These variations are easily accomplished by a direct 
winding-up of the selected foil—a process far simpler 
and more rapid than the winding of copper wire. More- 
over, foil windings do not demand the more expensive 
flanged. bobbins needed for coils wound from wire : 
simple tubular centres are all that are needed. It is 
evident that, once the initial manufacturing arrange- 
ments have been made for winding aluminium foil coils, 
there is scope for an appreciable reduction in the pro- 
duction cost of transformers 

Whilst some emphasis has been placed above upon 
certain equivalent aspects of copper wire and aluminium 
foil in transformer construction, there is little doubt 
that a foil winding offers several technical advantages. 


Amongst these is a quicker dissipation of the heat 
generated during use, as a result of the elimination of 
the innumerable air spaces within a winding composed 
of round copper wire which constitute a barrier to the 
passage of heat. 


Jointing Techniques 


A manufacturer contemplating the production of 
aluminium foil transformers will need to satisfy himself 
concerning the best way of making the necessary elec- 
trical connection with the foil winding. There are a 
number of recommended techniques, and the choice 
would probably be governed by the thickness of the foil 
constituting the winding, whether or not intermediate 
tappings had to be taken, and to what the foil had to be 
joined—whether another aluminium surface, or, for 
example, a copper wire. 

Much research has already been undertaken upon the 
methods of making electrical joins with aluminium foil. 
One of the most effective is undoubtedly cold-pressure 
welding, necessitating only a simple hand tool, which, in 
bulk production, could be made to operate mechanically. 
When sufficient pressure is exerted by means of appro- 
priately shaped dies, the metals forming the surfaces to 
be joined will flow, forming a true weld with a continu- 
ous grain structure. An advantage of this technique is 
that no heat is required and that aluminium foil may be 
joined with copper. 

The established means of joining aluminium by 
tungsten are welding and by soldering are not really 
suitable for metal in foil gauges of 0-006 in. (0-15 mm.) 
downwards. The most promising technique for making 


TABLE [.—EQUIVALENTS IN ELECTRICAL CONDUCTIVITY 


Aluminium Foil 


opper ire 
(width and thickness—in.) 


20 » 


15 
10 x 


“OOS 
006 


0005 


connections, especially with the thinner foil, is that of 
ultrasonic welding. In Britain, as far as it is at present 
known, this method has not been appreciably developed 
beyond the laboratory stage. In America, on the other 
hand, the Sonobond Corporation now offers equipment 
for joining foil to copper tabs or wire for electrical 
application in the manufacture of transformers. 

The plant for this purpose will make joins by either 
single spots, overlapping spots to produce a continuous 
bond, or a continuous weld using a rotating welding tip. 
For joining foil and copper wire a small bench type 
300 W. ultrasonic unit is available. It is rapid in action, 
each weld taking between half and one and a half 
seconds. As there is no are or spark, and as no electrical 
current flows through the surfaces to be joined, the pro- 
cess is suitable for women operatives. Surface prepara- 
tion is unnecessary beyond degreasing. There is practi- 
cally no deformation of the metal, thereby making the 
technique very suitable for foil joining. Most vibratory 
welding has been undertaken hitherto with a frequency 
range of 4,000 to 40,000 cycles per second. It would 
appear that metal of foil gauges responds best to the 
higher frequencies. 

Market Prospects 


From all of the above it will be seen that the most 
thorough research has been carried out upon all major 
aspects of constructing the windings of instrumentation 
transformers from aluminium foil. The slowness of 
manufacturers to adopt the new technique is to be 
attributed to the long standing of the present copper 
wire usage ; the fact that this is affording no appreciable 
dissatisfaction; a natural reluctance to relinquish 
existing plant for alternative plant of different—even if 
simpler—design ; and the fact that the price of copper 
itself has descended somewhat from the elevated levels 
it reached during the American stock-piling programme. 

Technical progress, not only in Europe, but through- 
out the world will, as time goes on, call for ever-increasing 
quantities of instrumentation transformers and other 
electrical components needing light-weight windings. 
The aim of manufacturers could well be initially, not 
the scrapping of their present copper wire winding equip- 
ment and replacing it with plant designed for use with 
aluminium foil, but, as demands grow, augmenting their 
existing equipment with the new. In other words, to 
undertake this important development within the move- 
ment of general expansion. Although a number of 
hitherto backward countries are in various stages of 
unrest, this unrest must be regarded as the inevitable 
prelude to material advancement. As the years pass 
they will become markets for British goods of ever- 
increasing importance. 
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Liquefied 
Petroleum Gas 
Plant 


Hereford Installation 
the Largest in 
the Country 


field, have designed and installed numerous 
liquefied petroleum gas plants during recent years, 
the recently commissioned butane/air plant at the 


A\ ‘tetas haw W. C. Holmes & Co., Ltd., of Hudders- 


Hereford works of Henry Wiggin & Co., Ltd., is of 


particular interest, as it is the largest and most compre- 
hensive installation in this country outside the gas 
industry. The plant has been designed to store 500 tons 
of liquid butane (the equivalent of some 240,000 therms), 
and to supply the total gas requirements of a modern 
factory of fifty acres. 

In operation, butane vapour is mixed with air. This 
serves a dual purpose: it reduces the high heat content 
of the vapour to a usable value, and it also reduces its 
dew point (the temperature at which vapour condensa- 
tion takes place). This reduction of dew point eliminates 
the possibility of the vapour separating from the air and 
condensing in the distribution pipe-lines. The butane 
air mixture may be used in place of coal gas, providing 
suitable burner adjustments are made where necessary. 

The liquid butane is transported from the refinery to 
Hereford in specially designed road tankers. To speed 
up ‘“turn-round ”’ of the tankers, a special method of 
liquid transfer, known as the vapour pressure method, 
has been adopted. Compressors draw vapour from the 
storage vessels, compress it and pass it into the tanker. 
This displaces the liquid which flows from the tanker 
into the selected storage vessel. When the liquid ceases 
to flow (both visible and audible warning is given of this 
event) the valve system of the compressor is reversed so 
that the vapour remaining in the tanker is transferred 
to the storage vessel. The advantages of this system 
are (a) rapid discharge of the liquid butane, and (6) the 
tanker is emptied not only of liquid, but also of virtually 
all the vapour. 

There are eight storage vessels at Hereford, each of 
which is 10 ft. diameter x 56 ft. 6 in. long. When 
these vessels are filled to 86°, of their total capacity 
the required total of 500 tons of liquid butane is reached. 
The remaining 14%, of capacity forms the vapour space 
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View of the plant showing some of the storage vessels with the four 


vaporisers in the foreground. 


and allows for expansion of the liquid. Each vessel is 
fitted with multiple safety relief valves which are fitted 
on special manifolds to facilitate the removal of indivi- 
dual valves for inspection purposes. The number of 
valves is such that at all times the vessel is fully pro- 
tected. A_ float-operated liquid contents indicator 
shows the contents of each vessel, and remote reading 
repeaters are provided on the central control panel. 
Excess flow limitation valves, designed to close in the 
event of a sudden excess vapour flow, are fitted in the 
vapour off-takes. Special valves are also fitted on the 
liquid off-takes. These latter valves are maintained in 
the appropriate position by means of hydraulic pressure 
which is automatically released should the pipe-lines 
suffer mechanical damage. 

Each vessel is fitted with water spray manifolds which, 
when necessary, can supply an adequate covering of 
water. This acts as a protection from either an abnor- 
mally high ambient temperature or radiated heat. As 
water supplies were limited on site, a small reservoir has 
been incorporated in the plant, the return water being 
drained from underneath the vessels and recirculated by 
means of submersible water pumps. 

There are four vaporisers, each of which consists of a 
vertical cylindrical pressure vessel containing internal 
heating coils which are heated by saturated steam. 
Each vaporiser has been designed to produce 24,000 cu. 
ft./hr. of butane vapour, and as on the storage vessels, 
excess flow valves, safety relief valves and pressure 
gauges are fitted. After vaporisation, the butane 
vapour is passed through suitable stages of pressure 
reduction to the inlets of six Holmes-Kemp carburettors 
where the butane, at near atmospheric pressure, is 
mixed with the correct amount of air. Since the butane / 
air mixture is required at a pre-set and constant calorific 
value, the ratio of butane to air must be closely governed. 
The ratio is set manually, each carburettor being tuned 
to the Wobbe index recorder. When the correct setting 
is obtained the hand wheel is locked and the ratio of butane 
to air remains constant over the whole range of output. 
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The output of the plant is under the control of the 
plant operator, who ensures that the potential of the 
carburettors in operation is always higher than the 
factory demand as registered by the flow meter on the 
central control panel. Minute to minute variations of 
demand are absorbed by the automatic features of the 
carburettor units. The butane /air mixture is passed 
into an 18 in. diameter main which feeds the factory 
distribution network at approximately 2 Ib./sq. in. 
As the plant is required to operate 24 hours a day, all 
electrical controls and gauges have been positioned on a 
central control panel to reduce personnel requirements on 
the various shifts. The panel houses: pressure gauges 
for steam, butane and butane air; tank contents 
gauges; flow and Wobbe number recorders; and 
indicator lights to indicate high and low Wobbe, low 


butane and butane/air pressures. The panel also incor- 
porates stop and start buttons for the six mixing unit 
motors and for the air supply fan motor. 

A system of safety devices and interlocks is provided 
on all mixing units so that, in the event of incorrect 
operation, or failure of butane or electrical supplies, alarms 
first indicate the fault and then, if the fault is not cor- 
rected, the plant automatically shuts down. In design- 
ing this plant, particular attention had to be given to 
the safety precautions peculiar to liquefied petroleum 
gases, and steps have been taken to meet all foreseeable 
eventualities. The absence of specific legislation cover- 
ing the installation of butane /air plants necessitated the 
close co-operation of the local authority and appropriate 
government departments: every help was given by all 
concerned, particularly the Factory Inspectorate. 


Aluminium in 


HE Oriana, due to sail on her maiden voyage this 

month, is not only the largest passenger liner completed 
in a British shipyard since the war, but is also unique in 
embodying the largest welded aluminium structure yet 
made. Aluminium has been used in the Oriana for the 
whole of the structure above the strength deck, com 
prising in all eight tiers of houses, three of which are 
complete decks extending the full 450 ft. length of the 
superstructure. The total quantity of aluminium used 
is about 1,000 tons, of which 900 tons were supplied by 
Alcan Industries, Ltd. (formerly Northern Aluminium 
Co., Ltd.). In order to supply the largest possible plate 
sizes, the greater part of this material was produced in 
the form of composite welded plate (Noral B54S, 
B.S.1477:NP 5/6) made at Alean’s Rogerstone Works 
by the automatic welding and subsequent stretching of 
two pieces of smaller plate, a process that has, however. 
since been rendered unnecessary by the completion of a 
144-in. plate mill at the same works. After welding and 


the “Oriana” 


stretching, all plates for the Oriana were sawn to the 
required dimensions and supplied to the shipyard with 
guaranteed parallel edges and a close tolerance on width 
in order to minimise the amount of subsequent fabrica- 
tion. 

The general principle followed in the welding of the 
aluminium superstructure has been to align plate edges 
with stiffeners wherever possible, the stiffeners thus 
providing permanent backing bars for the butt welds. 
This method of construction has been successfully 
applied in previous ships. Its use in the present instance 
was decided after a large scale trial carried out jointly 
by Alcan Industries and Vickers-Armstrongs some time 
before building of the ship began. For stiffening 
members generally, a range of tapered-bulb sections was 
used in preference to the better-known square-bulb type 
of aluminium section, and special extrusions were also 
used wherever possible for girders and other members 
that in a steel structure would normally be fabricated 
from plate. These extrusions (Noral alloy A568, 
B.S.1476:NE6) ranged in size up to 16 in. overall dimen- 
sion, with corresponding weights of up to 15 Ib. ‘ft. 


Electro-Erosion Machines 


Wickman, Lrp., under an agreement recently con- 
cluded with Ateliers des Charmilles, S.A., Geneva, have 
assumed the sole selling agency in the United Kingdom 


for the Eleroda Model D.1. electro-erosion machine. 
The Eleroda machine is already well known in this 
country as a high-precision spark machining unit parti- 
cularly designed for tool-room applications, and _ its 
addition to the Wickman range will complement the 
present range of Erodomatics manufactured by the 
company. These include the Type W/BM bench or 
cabinet mounted machine incorporating vernier position- 
ing to the electrode head and designed for spark- 
machining high precision components of small size ; the 
Type W SM self-contained medium size machine with 
simplified controls, specifically designed for production 
use ; the recently introduced Type W /DM large capacity 
die machine available with 4-5 kW. or 13 kW. power 
pack and designed for the machining of heavy forging 
dies. The range is handled by the Wickman Electro- 
Mechanical Department, Upper York Street, Coventry. 
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Role of Hydrogen 


CIENTISTS at the Westinghouse Research Labora- 
tories have advanced a new basic explanation for 
the rusting of iron—one of the most destructive 

and wasteful chemical reactions known to man. The 
basic cause of iron corrosion has been largely a scientific 
mystery. The new theory, proposed by the Westinghouse 
research workers—Dr. E. A. Gulbransen and Mr. T. P. 
Copan—suggests for the first time that the true cause is 
hydrogen ions, or protons. The hydrogen ions come from 
water vapour, which must be present if iron is to rust to 
any great extent at room temperature. The new theory 
suggests that the tiny hydrogen particles penetrate the 
iron and enlarge the sites at which oxygen normally 
combines with the metal. This spreads the reaction 
throughout the surface of the iron, causing it to rust 
destructively. 

Until now, a “standard” explanation for iron- 
corrosion is that it is an electrochemical reaction, tiny 
local areas on the surface of the metal being assumed to 
act as anodes and cathodes under the influence of an 
invisible liquid film of water, generating minute electric 
currents that corrode the iron. The new theory suggests 
that something more fundamental takes place in the iron, 
even though an electrochemical reaction may also occur. 

In a series of experiments that eliminated the conditions 
required for electrochemical reactions, the complex 
rusting of iron was reduced to its simplest atomic 
processes. Pure iron wires about as thick as a fine 
sewing thread were reacted with oxygen and water 
vapour at high temperatures [835° F. (445° C.)) under 
closely controlled, idealised conditions. The results of the 
minute-scale corrosions were studied under an electron 
microscope capable of magnifying objects up to 333,000 
times. These studies show that with dry oxygen the iron 
forms a protective oxide coating from which grow 
billions of tiny round oxide whiskers less than one- 
millionth of an inch in diameter and 30-millionths of an 
inch high. Each whisker grows from a single, specific 
growth site on the wire’s surface, much as individual 
seeds sprout from the ground into separate plant stems. 

The wires were then reacted under identical conditions 
except that water vapour was substituted for the dry 
oxygen atmosphere. The moisture produces a startling 
change in the oxide surface. From the growth sites 
erupt thin, pointed, blade-shaped platelets of iron oxide 
that spread across the metal surface. Shaped somewhat 
like blades of grass, they are about one-millionth of an 
inch thick, 30-millionths of an inch wide and 300- 
millionths of an inch high. As they grow in size, they 
spread more than 50 times in area over the sites observed 
for dry oxygen alone, reaching a density of nearly one 
billion per square inch of surface area. The amount of 
iron rust they represent is 250 times that which forms 
when the water vapour, and the hydrogen ions it releases, 
are absent from the reaction. Less than one part of 
water vapour in 200 parts of the dry oxygen atmosphere 
will cause the blade-shaped crystals to form ; at room 
temperature this would correspond to a relative humidity 


of about three per cent. 


December, 1960 


New Theory for Rusting of Iron 


Ions in Promotion 


“We conclude that the hydrogen ions in the water 
vapour enlarge the areas of chemical reaction between 
the oxygen and iron and bring about the metal’s greatly 
increased corrosion,’’ Dr. Gulbransen declared. “At the 
lower temperatures at which iron usually rusts, this 
basic reaction is masked. Complex corrosion products 
are formed and are not stable, and the corroding metal 
is often removed from the reaction site. 

“ These experiments have enabled us to get closer to 
the fundamental process involved in iron corrosion and, 
we think, have given us new insight into its mechanism. 
Once such basic understanding is at hand, we should be 
able to do a much better job of controlling corrosion. 
Already we can identify two control measures which 
must be considered in addition to any electrochemical 
effects that are involved in iron rusting : hydrogen must 
be prevented from entering the metal ; and the growth 
of the localised reaction sites must be inhibited by the 
addition of suitable alloying elements to the iron. 

“ The corrosion of iron has been the subject of much 
speculation and many scientific observations over many 
years. For example, we have long been intrigued by the 
Iron Pillar of Delhi in India, which stands in a dry 
climate and has resisted extensive corrosion for more than 
1,600 years. We may be approaching a true under- 
standing of its remarkable corrosion resistance. Even- 
tually we may be able to apply that knowledge to 
duplicate artificially its behaviour among structures not 
quite so fortunately placed throughout the world.”’ 


Jessop-Saville Move 

A mason move from their factory at Sheffield to new 
premises in Rotherham, cazried out with the precision of 
a military operation to keep loss of production to a 
minimum, has been successfully completed by Jessop- 
Saville (Small Tools), Ltd., manufacturers of Cutanit 
cemented tungsten carbide tips and tools and high speed 
steel butt welded tools. Their new address is: East- 
wood Works, Fitzwilliam Road, Rotherham (Tel. No. : 
Rotherham 77171-4). Additional new plant and 
machinery is being installed in the Rotherham factory, 
aliowing for considerable production expansion. ; 


The Judgelite Company 
THE JUDGELITE ComPaNy has been formed to take over 
the plant, goodwill and stocks of what was formerly the 
architectural panelling division of Ernest Stevens, Ltd., 
of Cradley Heath, Staffs., and, in particular, the manu- 
facture of Judgelite architectural panels in vitreous 
enamelled aluminium. The plant which, it is under- 
stood, is the largest of its type in the United Kingdom 
and includes a 20 ft. 250 kW. continuous furnace for 
vitreous enamelling aluminium, is being extended to 
cope with a full order book and to embrace an even 
wider field of activity. The same labour force, technical 
staff and associated personnel have been retained by the 
new company to ensure maintenance of the product's 
high standards in manufacture and service. 
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News in Brief 


SHEEPBRIDGE ENGINEERING, Lrp., has purchased for 
cash the issued share capitals of Purfection Engineering 
Co. (Coleshill), Ltd., and its associated company, 
Station Engineering Co. (Coleshill), Ltd., makers of 
splines, gauges and all forms of precision ground tools 
and gauges, and of Fulmer honing machines (under 
licence) respectively. 

HonEYWELL ConTROLs, Lrp., the automation equip- 
ment company, will nearly double the size of its Lanark- 
shire factory over the next three years. Work on the 
extension will begin immediately. The expansion will 
give work to another 1,000 people, increasing the total 
labour force to 3,000. 


THe Genera Evectric Co., Lrp., has received an 
order valued at over £176,000 for six 2,150 h.p. booster 
pump motors and four 4,750 h.p. standby variable-speed 
boiler feed pump motors with liquid controllers for 
Blyth “ B” generating station of the Central Electricity 
Generating Board. The equipment is being made to the 
order of Hathorn, Davey & Co., Ltd., who are building 
the pumps. 


AssociaTED ELEcTRICAL INDUSTRIES, Lrp., has received 
an order from the Central Electricity Generating Board 
for four 75,000-kVA,. 3-phase transformers for Temple- 
borough sub-station. The transformers will step down 
the 275-kV. supergrid voltage, providing a 33-kV. supply 
to six 40-MVA. arc-furnace transformers to be installed 
by the Steel, Peech & Tozer branch of The United Steel 
Cos., Ltd., as part of their £10 million scheme. (The two 
furnace transformers so far ordered are also being manu- 
factured by A.E.L.). 


THE longest single piece of graphite for its cross-section 
ever made is a 30 ft. column measuring 12 by 14 in. on 
the sides. The 3,700 lb. giant was manufactured by 
National Carbon Company, Division of Union Carbide 
Corporation, and is a prime example of the large graphite 
stock required for new metallurgical processes under 
development in various U.S. industries. Production of 
graphite of this unprecedented length required special 
manufacturing techniques, and new clamps had to be 
made to handle the long piece during the various 
processing steps. 

Tue GENERAL Evectric Co., Lrp., has recently received 
an order valued at £139,000 for the supply and instal- 
lation of a turbo-blower at the Cleveland Works of 
Dorman Long (Steel), Ltd., alongside two 90,000 c.f.m. 
blowers also supplied by G.E.C. The blower, which is to 
supply air to blast furnaces, will be of the centrifugal 
type, having an output at normal duty of 100,000 c.f.m. 
against a pressure of 35 p.s.i.g. and at maximum duty 
110,000 c.f.m. against a pressure of 40 p.s.i.g. 


DRABBLE AND SANDERSON, Lrp., the Sheffield saw 
makers, have been appointed sole agents in the U.K. 
for the sale of carbide tipped circular saws manufactured 
by the American Saw and Tool Co., of Louisville, U.S.A. 
The makers claim that these carbide tipped saw blades, 
stay sharp up to a hundred times longer than the con- 
ventional steel blades. 

Wuew the Birfield Group was formed in 1938, largely by 


the amalgamation of Hardy Spicer, Ltd., and Laycock 
Engineering Ltd. it incorporated a relatively small 


Hardy Spicer subsidiary, Bound Brook Bearings, Ltd., 
making graphited bearings under licence from the 
American Bound Brook Oil-Less Bearing Co. Now, an 
agreement between Birfield, Ltd., and the American 
company, provides for an outright purchase by Birfield 
of the latter, which will change its name to Bound Brook 
Bearing Corporation of America. 

Wickman, Lrp., announce that the sole agency in the 
United Kingdom for the range of mining and construc- 
tion equipment built by the Gardner-Denver Co., 
Illinois, U.S.A., has now been assumed by the Wickman 
Mining Division, Bottrill Street, Nuneaton. 

A NEW company—Balzers High Vacuum, Ltd.—has 
recently been set up to handle in this country, commer- 
cially and technically, all the products of Balzers, A.G., 
Liechtenstein. The most important of these products 
are: equipment for high vacuum metallurgy and high 
vacuum coating, vacuum pumping systems, vacuum 
measuring and testing instruments, ultra high vacuum 
equipment, ete. 

Winston E.ectronics, Lrp., have appointed Hawnt & 
Co., Ltd., 112-114, Pritchett Street, Birmingham, 6, as 
their Midland distributors. Hawnt & Co., Ltd., will sell 
and service the complete range of Winston products 
throughout the counties of Worcestershire, Warwick- 
shire, Northamptonshire, Leicestershire, Staffordshire, 
Derbyshire, Nottinghamshire, Lincolnshire and Shrop- 
shire. 

Freprk. Jukes, Lrp., have been granted the world 
licence for the design, manufacture and sales of Pontifex 
dust and fume control and recovery equipment, which 
is entirely British in design and fabrication. Mr. C. 
A. Bainbridge and Mr. F. C. Caplin, who invented and 
developed the equipment for Pontifex, have been 
appointed to the board of Fredrk. Jukes, Ltd., and are in 
full control of future developments 

Tue Guacrer Co., Lrp., have recently extended 
their Manchester factory by some 10,000 sq. ft. and 
equipped it with a number of special purpose heavy 
machines to undertake the repair and manufacture of an 
increased range and volume of large whitemetal plain 
bearings. Bearings from | in. to 5 ft. bore diameter can 
now be manufactured. 

Hieu Duty AtLoys, Lrp., announce that the telephone 
numbers for their Forging Division are now Redditch 
4211 (day) and Redditch 4162 (night). 

AvcaN ENFIELD ALLoys, Lrp., and Metal Closures 
Group, Ltd., have reached an agreement in principle 
whereby Alcan Enfield will lease on a long term basis the 
aluminium alloy smelter and zine alloy production 
facilities at London Colney, Herts., owned by John 
Dale, Ltd., a member of the Metal Closures Group. 
John Dale will continue to own and operate their light 
alloy foundry and continuous strip casting plant, also 
situated at London Colney, which will not be affected by 
this arrangement. Alcan (U.K.), Ltd., will market the 
alloys produced by Alcan Enfield Alloys, Ltd., at London 
Colney as well as at Bradford. 

PIONEERS of the vacuum flash evaporator in Britain, 
Richardsons Westgarth have just despatched to the 
Sheikdom of Abu Dahbi, on the Trucial Coast, a fully 
self-contained sea-water evaporator which will 
produce 14,400 gallons of drinking water a day to 
replace supplies brought in by dhow at considerable 
expense. 
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Heat treatment 


Orchids grow best in the controlled heat of the 
greenhouse — and metal parts receive the best heat 
treaiment in ‘Cassel’ salt baths. 

With salt baths as with greenhouses, what counts is 
experience. The ‘Cassel’ Heat Treatment Service has 
jong experience in carburising, heat treatment, temper- 


end doubt about finish 
maintain quality through thick and thin 


NASHTON 


THICKNESS MEASURING INSTRUMENTS 


If you are concerned with the very wide range of surface finishes. 
quality of any coating on any material, Each method has its advantages 

Nash & Thompson can help you. and limitations, but Nash & Thompson 
We are specialists in metallurgical as suppliers of the most comprehensive 
and other testing instruments for range of thickness measuring 

both laboratory and production. instruments in Britain will give you 
NASHTON instruments provide really unbiased advice to enable you 
both destructive and non-destructive to select the most suitable instrument 
methods of testing the thickness of a for your particular application. 


1. BNF Plating Gauge. For non-destructive 
measurement of nickel on steel, or brass, and zinc 
based die castings. Range 0.002 in. —0.00025 in., 
accuracy + 0.0001 in. Also used as metai sorter for 
differentiating between similar metals. Basic price £238 


2.4 test Thick Tester. For non-destructive 
measurement of non-conducting coatings 

on non-ferrous bases. Range 0.0001 in.—0.005 in. 
Accuracy « 10%. Basic price £133 


3. Magne Gauge Thickness Tester. For simple and 

quick non-destructive measurement of wide variety of 

coatings on magnetic basis metals. Accuracy + 10%. 
Basic price £117 


4. Kocour Thickness Tester. For destructive measure- 
ment of an exceptionally wide range of coatings 

and basis metals. Coulometric principle—small area 

of plating is stripped with standard solutions, a 
mechanical read-out counter stopping when all coating 
is removed. Basic price £246 


He Please write for 
technical data stating your 
problems and requirements 


Nash and Thompson 


Limited 
Hook Rise South, Tolworth, Surbiton, Surrey 
Telephone : ELMbridge 5252 
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1.S.1. American Meeting 


Tue Council of the [ron and Steel Institute has accepted 
with pleasure an invitation from the Metallurgical 
Society of the American Institute of Mining, Metallurgi- 
cal, and Petroleum Engineers (A.1.M.E.) to visit the 
U.S.A. in the autumn of 1961. The American Iron and 
Steel Institute are kindly helping with the planning of 
the technical programme and with the arrangements for 
the visits to iron and steel works and laboratories. 

The provisional programme provides for an official 
welcome in New York City on ‘Lhursday, 19th October, 
1961, but it is anticipated that some members will 
arrive a day or two earlier. Members will visit impor- 
tant works within convenient distance from New York. 
They will then travel to Niagara Falls, and visit labora- 
tories and works in the district in Canada, as well as in 
the U.S.A. Members have been invited by the Board of 
Directors of the American Society for Metals (A.S.M.) to 
attend the National Metal Congress in Detroit and to be 
guests at the annual banquet of the A.S.M. on 26th 
October. ‘lhe itinerary will include Cleveland, Pitts- 
burgh, Bethlehem and Washington. Opportunities will 
be provided for members to visit iron and steel works and 
laboratories in various centres. A special programme for 
ladies is being prepared. 

At the conclusion of the tour, arrangements can be 
made for members to spend a few days sightseeing, 
visiting Philadelphia and Princeton or Colonial Williams- 
burg and Charlottesville. Extensions will also be 
arranged to enable members to visit works in the Chicago 
district. 


Die Casting Discussion Group 
NEARLY 200 die casting engineers, mainly from the 
Midlar’s, met at the Birmingham College of Technology 
on Tuesday evening, 18th October, to discuss the tech- 
nique of gating and venting pressure die castings. This 
meeting, the first of four to be held by the Zine Alloy 
Die Casters Association this winter, was under the chair- 
manship of Mr. Reg. Turner* and the discussion was 
opened by Mr. Frank Claxtont, who was assisted by 
Mr. J. H. Newman? and Mr. R. Bryan.* 

Much has been written on methods of gating die 
castings, and the meeting took as a basis for its discus- 
sions the paper on gating presented by Mr. Ralph 
Wilcox, of the American Smelting & Refining Co., Ltd., 
at the Third International Die Casting Conference at 
Stresa. The discussion, however, quickly showed that 
while the traditional methods of gating are well-known 
and widely adopted, much thought is being given to 
completely new ideas. Venting methods, direction of 
metal flow into the die and gating for vacuum die casting 
came in for particular attention. There is little doubt 
that the meeting provoked much thought on gating 
techniques and will lead to some of the fresh ideas 
discussed being tried out. 

The large attendance at this meeting is further evid- 
ence of the very keen interest being shown in the 
development of die casting. Future meetings will be 


Metal Castings, Ltd. 
+ Wolverhampton Die Casting Co., Ltd. 
Birmingham Aluminium Casting (1903) Co., Ltd. 
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NEWS AND ANNOUNCEMENTS 


held alternately in London and Birmingham and details 
can be had from the Zine Alioy Die Casters Association, 
34 Berkeley Square, London, W.1. 


Microanalyser Brings in Dollars 

On Thursday, 3rd November, 1960, the Queen Mary 
sailed for New York carrying a piece of British-made 
electronic equipment which is worth over $50,000 to 
Britain. This instrument, the first of three which will 
soon be working in the United States, was destined for the 
Illinois Institute of Technology in Chicago, and the 
other two, ordered by United States Steel Corporation 
and Crucible Steel Company of America, respectively, 
were to follow at intervals of two or three weeks. So far, 
four of these instruments have been ordered by organisa- 
tions in the United States. These orders were secured 
against strong American competition, and were won 
largely because of a new British scanning technique. 

The instrument is a good example of co-operation 
between pure research, the British instrument industry 
and the instrument user. The first scanning micro- 
analyser was developed by the famous Cavendish 
Laboratory at Cambridge, in conjunction with Dr. 
Melford and his colleagues at Tube Investments Research 
Laboratories at Hinxton Hall, and the instrument is 
being currently produced at Cambridge Instrument 
Company's Cambridge works. Already, several of these 
microanalysers are installed in Britain. 


Foundry Foreman Training 
THE continued success of the foundry foremen’s training 
courses held during recent years has encouraged the 
Council of the Institute of British Foundrymen to 
organise a further course which will be held from Thurs- 
day, 20th April, to Saturday, 22nd April, 1961, at the 
Grand Hotel, Scarborough. The programme of the new 


Leaving for Vienna is this hot blast heater designed and 
made by The Incandescent Heat Co., Ltd., Smethwick. 
It will supply 3,000 st. cu. ft./min. of blast air at 500° C. 
for a pair of 6 ton/hr. cupolas in an Austrian foundry 
producing radiators for central heating systems. 


\ 


course is designed to give practical guidance to foremen 
and will cover such topics as: union agreements and 


procedure ; production control and planning; health 
and safety in foundry work; cupola control; non- 


ferrous furnace control and melting practice ; casting 
production methods; and pneumatic, hydraulic and 
mechanical gadgets in the foundry. Further details and 
forms of application to attend the course may be 
obtained from the Secretary, lhe Institute of British 
Foundrymen, !4 Pall Mall, London, 8.W.!. 


Furnace Builders’ Conference 
A sucCESSFUL conference of the Society of Furnace 
Builders held in Jersey from 15th to !7th October was 


particularly well attended by representatives of most of 


the leading furnace manufacturers in Great Britain. 
Amongst them were the firms responsible for the instal- 
lation of the melting, heating and heat-treatment fur- 
naces for the major schemes embarked oa by the stec! 
industry in recent years. 

At the conference, discussions were held on the future 
of the industry in relation to industrial trends and 
developments, the use of modern techniques such as 
closed circuit television, the training of future personnel, 
the association of the Society with research organisations, 
and particularly with the British Iron and Steel Research 
Association in its investigations upon the operation of 
forge furnaces. 

At the official dinner, the chairman, Mr. C. G. Pettit, 
on behalf of the members, made a presentation to the 
new president, Mr. H. Southern, in appreciation of his 
work for the Society from the time he took office (as 
chairman) sixteen years ago. ‘lhe chairman also had the 
pleasure of making a presentation to Mrs. Southern. In 
reply, the president expressed his appreciation of the 
help he had received from members in the development 
of the Society to its present position. In his speech, 
Mr. Pettit referred to the changing pattern of industry. 
and to the exacting requirements of engineers and 
metallurgists in the performance of modern industrial 
furnaces. 


Symposium on Industrial Vacuum Plant 
Usage 

FOLLOWING a recommerdation by the Joint British 
Committee for Vacuum Science and Technology, thé 
Council of the Institution of Mechanical Engineers have 
agreed to sponsor a symposium of papers on user 
experience of large-scale industrial vacuum plant, to be 
held at the Institution on Ist and ¢nd March, 1961. The 
main objective of the symposium is to brirg together 
designers and users of vacuum plant to d’scuss their 
problems and techniques. It is planned to discuss some 
twelve papers, which will be preceded by a general 
review paper. Aspects to be covered include vacuum 
processing and treatment of metals, steam ejection 
vacuuin plant, capacitor drying, food processing and 
medicine. 


Foundry Apprentices’ Competition 
Tue Institute oF British FouNDRYMEN is organising a 
national foundry apprentices’ competition open to 
candidates who have not attained the age of twenty on 
3lst December, 19€0. More than half the total marks 
will be carried by a practical! test on moulding and core- 
making lasting up to eight hours: there will also be 
written tests on foundry technology, calculations and 


drawing. Candidates should have obtained a City and 
Guilds intermediate (now ordinary) certificate in foundry 
practice, or an equivalent certificate, or have received 
suitable technical training. 

On the results of this competition will be based the 
selection of three apprentices to represent this country 
in the European Foundry Apprentices’ Competition ia 
1961. Further particulars of the national competition 
and nomination forms for prospective candidates may be 
obtained from the Secretary, ‘Ihe Institute of British 
Foundrymen, 14 Pall Mall, London, S.W.1, to whom 
completed forms should be sent by 31st December, [9€0. 


Induction Heating Course 
Dur to the very large response to the last Induction 
Heating Course organised by the Process Heating 
Division of Pye, Ltd., in November, a number of applica- 
tions for the next course, to be held on 7th and &th 
February, 1961, have already been accepted. ‘This 
course is free of charge and will again be held at the 
Globe Hotel, Cambridge. ‘The following subjects will be 
covered: the fundamentals of induction heating, 
methods of application, the basis of coi! design, hardening, 
annealing and tempering of small parts, brazing, solder- 
ing and processing of conducting materials. Further 
details may be obtained from Mrs. E. Raeburn, Pye 
Process Heating, 28 James Street, Cambridge. 


Physical Society Exhibition 
As a result of the recent amalgamation betweea The 
Institute of Physics and The Physical Society, the 
Physical Society Exhibition of Scientific Instruments and 
Apparatus will be known in future as The Annual 
Exhibition of The Institute of Physics and The Physica! 
Society. In 1961 it will be held at the Reyal Horti- 
cultural Society's Old and New Halls, Westminster, 
London, 8S.W.1, and will be open to non-members from 
2 p.m. on Monday, 16th January, to | p.m. on Friday, 
20th January. ‘The exhibition will open at 10 a.m. each 
day from ‘Tuesday to Friday and will close at 7 p.m. from 
Monday to Thursday (Tuesday 9 p.m.). Tickets are 
available from The Institute of Physics and ‘ihe Physical 
Society, 47 Belgrave Square, London, 8.W.1. 


Refractories Film 

*'The Steetley Story” is a film about refractories 
and about the largest producer of refractory materials 
in Western Europe and the Commonwealth—' he 
Steetley Co., Ltd.. of Worksop, Nottinghamshire. 
Wherever fire and furnaces are used in the service of 
mankind to produce steel, glass, cement, gas and coke, 
to name but a few, refractories are called upon to coatain 
and control the enormous quaatities of heat involved. 
The refractories field of application is widespread, 
ranging as it does from the simple firebrick found in 
every household fireplace, to the vital materials used 
in earth satellites and atomic power plants : one of the 
most important applications is in the lining of stec! 
furnaces. 

The film opens with a view from the air of one of the 
Steetley plants. The helicopter from which the scene 
is being filmed, slowly descends until we approach the 
building containing the administrative offices. Here 
we meet Christopher Chataway, who introduces the 
film and speaks the commentary. From here, the film 
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illustrates the acquiring of raw materials and the many 
processes associated with the manufacture of refractory 
products. 

One of the most interesting features of the film is that 
illustrating the sca-water magnesia plant at Hartlepool. 
Here is produced refractory magnesia from dolomite 
(magres’an limestone) and sea-water, a process which 
was pioneered by ‘lhe Steetley Co. in the late 1930's 
(from an experiment made in the laboratory using an 
ordinary bath-tub and six foot tube as a miniature 
rotary kiln). ‘lhe Hartlepool plant is the only one of 
its kind in the United Kingdom, and is also the largest 
in the world, despite the substantial works subsequently 
built in the United States. 

From a tour of some of Steetley’s many plants in 
this country, the scene moves to Canada, where the 
company operates a healthy Canadian division. In 
addition to refractory materials, the Canadian subsi- 
diaries quarry dolomite stone for many purposes 
including buildings, some of which are seen in the film. 
Back in Britain, we see some of the uses of Steetley’s 
products and the film ends with a brief summing up 
by Christopher Chataway. 

The film is available on loan in 16 mm. or 35 mm. 
Eastmancolour, on application to The Steetley Co., Ltd., 
Gateford, Worksop, Notte. 


Course on Failures 

A CouURSE of six lectures will be held at the Institute of 
Technology, Bradford, at 7 p.m. on successive Wednes- 
day evenings, commencing on I8th January, 1961. 
The course will commence with a general lecture on types 
of failure, and fatigue will be dealt with subsequently in 
detail. Other lectures will emphasise the types of failure 
which predominate in various branches of engineering 
Application forms, giving full details, may be obtained 
from the Registrar, Institute of Technology, Bradford, 
Yorks. 


Foseco Companies Change Name 

Ix view of the Foseco group's expansion of interests and 
activities beyond the foundry industry, particularly to 
other metallurgical processes, it has been felt desirable 
to have a change of name for each of the two principal 
controlling companies of the group. The holding com- 
pany, hitherto known as Foundry Services Holdings, 
Ltd., and in which the controlling interest is held by a 
public company, Minerals Separation, Ltd., becomes 
Foseco Holdings, Ltd., and the managing company, 
hitherto known as Foundry Services International, Ltd.. 
becomes Foseco International, Ltd. 


Steel Extrusion Plant Agreement 
Aw agreement which is expected to foster the use of 
steel extrusion plant has been concluded between 
Manne: mann-Meer A.G., of Ménchen Gladbach, Ger- 
many, and ‘i he Loewy Engineering Co., Ltd., of Bourne- 
mouth. ‘The subject of the agreement, which covers the 
whole world, is the supply and installation of plant for 
the production of seamless tubes of carbon steel and low 
alloy steels. Mannesmann-Meer are well known a; 
suppliers of stretch reducing mills and related auxiliary 
equipment for tube manufacture and Loewy Engineering 
has been building steel extrusion plant for many years. 
The agreement provides for technical co-operation, an 
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economic exploitation of the manufacturing facilities 
which are at the disposal of the two companies, and 


includes the services of Mannesmann-Meer Inc., of 
Youngstown, Ohio, who for several years have been 
dealing with Mannesmann-Meer equipment in the 
United States. ‘Lhe experience of both companies in the 
production of seamless tubes is at the disposal of prospec- 
tive customers and big schemes for integrated plant in 
many countries are under discussion. 


Electrical Copper Symposium 


On 19th October, 1960, at the Dorchester, London, 
some 200 members of the electrical industry attended a 
symposium arranged by the Copper Development 
Association. Under the chairmanship of the Earl of 
Verulam, four papers were presented :-— 

* The Economie Use of Copper in Power Transformers,’ by 
F. W. Gee (Ferranti, Ltd.). 

* Cooled Copper Conductors for Electrical Equipment,” by 
G. W. G. Cogle, E. R. Hartill and J. Tudge (Associated 
Electrical Industries (Manchester), Ltd.). 

“Some Notes of the Use of Copper as a Material for the 
Construction of Waveguides,’ by L. E. clall and B. H. Meggs 
(Associated Electrical Industries, Ltd., Electronics Apparatus 
Division). 

“Copper Alloys for Conductivity Applications,’ 
Richards (Copper Development Association). 

In the discussions which ensued, both manufacturers 
and users of the equipment and materials concerned 
were usefully able to take advantage of this opportunity 
to present their individual problems or requirements as 
applied to various specific applications. 

A display of various representative item: demons- 
trated the important role which copper plays in the 
electrical industry and particularly in those fields 
covered by this symposium. 


‘by T. L. 


Metallurgical Research at High 
Pressures 


Dre. J. E. Hitutarp, of the Research Laboratory, 
General Electric Company, Schenectady, U.S.A., is to 
lecture on ‘* Metallurgical Research at High 
Pressures,’ under the auspices of the Metal Physics 
Committee of the Institute of Metals. ‘Lhe meeting will 
take place at the Institute’s Headquarters, 17, Belgrave 
Square, London, 8.W.1, on ‘thursday, 12th January, 
1961, at 6.0 p.m. Visitors are weleome : tickets are not 
required. 


give a 


Inco Iron Ore Expansion 


Tue INTERNATIONAL NickeL Co. or Canapba, is to 
expand its iron ore recovery plant at Copper Cliff, 
Ontario, tripling its capacity. Using a process invented 
by the company’s research staff and successfully estab- 
lished in its existing iron ore recovery unit, the expanded 
plant will treat 1,260,000 short tons per year of nickel- 
iferous pyrrhotite high in iron content. The process 
involves solid state pyrometallurgical operations, and 
the removal of nickel by atmospheric pressure leaching, 
in high-capacity units of novel design. 

The diversion of this large quantity of pyrrhotite to 
the expanded iron ore recovery plant will effect a 40°, 
decrease in the tonnage of material which otherwise 
would have to be handled by the nickel section of the 
Copper Cliff smelter. The change in practice in the nickel 


273 


Besides heating forging billets by induction, Garringtons 
Ltd., Bromsgrove—-one of the largest manufacturers of 
forgings in Europe—manufacture electrical induction 


heating equipment in a separate division. Delegates 

to the recent British Electrical Development Association 

Industrial Conference are here seen viewing special 

purpose equipment of this type during the course of a 
visit to Garringtons. 


smelter will result in important smelting economies and 
provide a basis for further major advance in nickel 
extractive metallurgy. In the iron ore recovery plant, 
capacity for the output of iron ore pellets containing 
68°, iron, which have established a high reputation for 
quality, will be raised to 900,000 short tons per year, 
and more nickel will be recovered from the same amount 
of pyrrhotite than is now possible in the nickel smelter. 

The expanded plant is scheduled to be in full operation 
in 1963. It will entail a total estimated capital outlay of 
$50,000,000, of which up to $10,000,000 is scheduled for 
1961. The project is another milestone in the company’s 
intensive research efforts to achieve maximum utilisation 
of the many elements found in its Canadian ores. The 
company is confident that the strong and growing 
demand for high-grade iron ore, particularly in the 
United States, will assure an outlet for the entire ton- 
nage of Inco’s premium iron ore pellets. 


Personal News 


Mr. A. 8. Grit has retired from the board of George 
Cohen Sons & Co., Ltd., on attaining the age of 65, and 
will practise as an industrial consultant. 


Mr. P. JARbINE, group financial controller, Metal 
Industries, Ltd., has been appointed to the boards of 
two Metal Industries subsidiaries : J. G. Statter & Co., 
Ltd., switchgear manufacturers, and Minerva Mouldings, 
Ltd., manufacturers of plastic mouldings, both of 
Amersham, Bucks. 

Mr. E. V. Beatson, of Joseph Lucas, Ltd., has been 
appointed to the Council of the British Welding Research 
Association to serve on the Association’s research board. 
His principal fields of interest are resistance welding and 
brazing. 

THE United Steel Cos., Ltd., announce that Lr.-Cpr. 
G. W. We ts, D.L., managing director (production) of 
the company, and director and general manager of the 
Appleby-Frodingham Steel Co. branch, becomes chair- 
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man of Appleby-Frodingham Steel Co. Mr. J. D. Joy, 
director and deputy general manager of Appleby- 
Frodingham, becomes director and general manager of 
the branch. 

Tue L. S. Starrett Co., Ltd., the Jedburgh makers of 
precision tools and measuring instruments, have 
appointed Mr. J. Bei chief engineer and Mr. S. Cros- 
sLeY hack and bandsaw superintendent. Mr. Bell was 
formerly with Giddings & Lewis-Fraser, Ltd., and Mr. 
Crossley was with Arthur Balfour & Co., Ltd. On the 
sales side the following representatives have been 
appointed: Mr. G. H. Barctay (Scotland), Mr. A. 
Swancott (North Midlands) and Mr. H. Gaunt (South 
Midlands). 

Dr. T. B. ToMLinson, who joined Southern Instruments, 
Ltd., as chief engineer in March of this year, has 
also taken over responsibility for design and develop- 
ment in the newly-formed Drayton-Southern, Ltd. 


Tue constitution of the board of directors of the newly- 
formed Brooke Tool Automation, Ltd., is as follows : 
Mr. A. G. B. Owen, C.B.E., J.P. (chairman), Mr. H. 8S. 
HoLpEN (managing director), Mr. H. H. Evans (produc- 
tion manager), Mr. E. W. Hancock, Mr. E. W. B. 
Owen, and Mr. K. G. WaALTon (general manager). 


Mr. J. IneLAND has been appointed general manager of 
the Cheadle Heath plant of British Driver-Harris Co., 
Ltd., with Mr. J. Cooper as works manager. Two 
new assistant works managers have also been appointed : 
Mr. A. Hesston (wire) and Mr. G. Casson (strip). 


Mr. E. M. Tuomas has been appointed resident represen- 
tative in Hull of the machinery division of George 
Cohen, Sons & Co., Ltd. Hesucceeds Mk. H. WHYMAN, 
who has for some years been well known in industry 
throughout the area and who has now been appointed 
manager of the division’s Kingsbury branch. Mr. 
Thomas has taken up residence at 79 Eppleworth Road, 
Cottingham, Yorks. (Tel.: Cottingham 47263.) 


Mr. A. E. Bevt and Mr. R. Lancaster have been 
appointed to the board of Distington Engineering Co.., 
Ltd., a subsidiary of The United Steel Cos., Ltd. Mr. 
Bell becomes director and commercial manager, and Mr. 
Lancaster becomes director and general works manager. 


Five new directors have been appointed to the Board of 
John B. Pillin, Ltd., of West Hartlepool, makers of 
Lubrequipment and a member company of the Castrol 
group. They are: Mr. R. Apams, Mr. J. A. P. Cor 
(secretary), Mr. L. J. Frecp, Mr. A. F. MacDonaLp 
(works manager) and Mr. J. W. MacManon. Mr. 
MacMahon is also a director of the group’s industrial 
company, Wakefield-Dick Industrial Oils, Ltd., and 
general manager of that company’s industrial division. 
Mr. Adams and Mr. Field are executives at the group's 
headquarters in London. The appointment of two 
additional directors to the board of Castrol (Ireland), 
Ltd., has also been announced. They are Mr. L. A. 
Courtney and Mr. E. E. Hucues, both of whom hold 
executive positions at Castrol’s London headquarters. 
Mr. Courtney is manager of the agricultural department 
and Mr. Hughes is assistant manager, Castrol division. 


FOLLOWING the retirement of Mr. J. ABBERLEY, the 
board of Firth Cleveland Tools, Ltd., announce that 
Mr. J. C. ABBERLEY has been appointed director in 
charge of their Tipton works, and Mr. A. H. McILReatu 
director in charge of their factories at Wolverhampton. 
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RECENT DEVELOPMENTS 


MATERIALS : PROCESSES : EQUIPMENT 


Metal Finishes 


THE new Parker 45 finishes are quick air-drying materials 
applied at room temperature by dip or spray, and are 
intended for use on Bonderized or Parkerized surfaces. 
Parker Finish P.45C is designed to give a clear film, 
while Parker Finish P.45B gives a uniform black surface. 
They have fairly low viscosity and may subsequently be 
over-painted if required. 

Both finishes are formulated to give a slight reaction 
with the underlying phosphate er \ting or bare steel 
surface so as to give maximum possible adherence and 
sealing value whilst, at the same time, leaving a minimum 
film thickness which is both tough and flexible. They 
give a high degree of corrosion protection on bare surfaces 
although, of course, the protection is much superior when 
they are applied to a Bonderized or Parkerized surface. 

Generally speaking, Parker P.45 finishes are used as 
supplied, although thinners are available for both 
products. When the finishes are applied by dipping, 
they should be contained in a mild steel tank with a 
tightly fitting lid, and after dipping the work at room 
temperature, the finish air dries to ‘touch dry’ in approxi- 
mately 10 minutes and dries completely in approximately 
30 minutes. The rate of drying P.45B and C can 
be speeded by stoving the parts for approximately 10 
minutes at 200-250°F. When the Parker Finish P.45B 
and © are applied by spray, normal techniques are 
employed. 

The Pyrene Co., Ltd.. Metal Finishing Division, 

Great West Road, Brentford, Middlesex. 


High Intensity Magnetic Mineral 
Separator 
THE latest addition to the range of magnetic mineral 
separators made by Rapid Magnetic, Ltd., is a single 
dise unit which treats granular free-flowing minerals such 
as garnet, monazite, ilmenite, wolfram, columbo-tantalite 
ete., and incorporates a magnetic scalper prior to the 
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dise which removes highly magnetic minerals such as 
magnetite, ferro-silicon and other iron oxides, so pre- 
venting agglomeration at the disc discharge. By mech- 
anical adjustment of the dise and rheostatic control of 
the magnet current, a further two magnetic minerals are 
separately recovered in one pass and discharged either 
side of the separator belt. Clean non-magnetic materials 
are discharged at the conveyor head. Feed is by gravity 
from a hopper ; alternatively a vibratory unit is available. 
The capacity is dependent on the characteristics of the 
material and degree of separation required. 

Industrial applications include the removal of fine iron 
contamination from abrasives, refractories, chemicals, 
dehydrated foods, etc., where a completely iron-free 
product is essential. The makers will freely execute 
preliminary tests on representative samples 

Rapid Magnetic, LAd., Lombard Street, Birmingham 12. 


Shape-Cutting Machine 

THREE new dual-carriage shape-cutting machines featu- 
ring a unique drive principle are now available from 
Union Carbide International Company, Division of 
Union Carbide Corporation. Known as “ roller drive,” 
the patented drive principle of the new Oxweld CM-56 
machine completely removes the drive wheel from the 
template table. In ordinary cutting machines the 
drive wheel is on the tracing table surface riding on the 
template. With the new CM-56 it is not necessary to 
provide protection for the template to prevent scuffing 
or damage to the outline to be traced. There is no 
force tending to shift the position of the line drawing 
and it is easier to move and align the template. Draw- 
ings can be positioned without raising the tracing head. 

A main rail carriage running on the main rails carries 
another pair of rails supporting the transverse carriage. 
With the combined motion of the two carriages it is 
possible to follow and cut metal parts and forms of any 
shape. Either carriage on the CM-56 can be locked, 
making it possible to produce perfectly straight and 
accurate cuts parallel to the main rails or at exactly 
0 to the main rails. 
The Oxweld CM-56 is equipped with Union Carbide’s 
new photocell tracer with built-in kerf adjustment. 
Simple pencil or ink sketches of intricate metal shapes 
and forms are used to guide the CM-56. The new 
Linde photocell tracer accurately follows sketches on 
ordinary paper, eliminating the need for expensive 
metal or plastic templates, photographic negatives or 
complicated and costly silhouettes. Tracing accuracy 
is + 0-005 in., and ordinary light, sunlight or shadows 
do not interfere with the precision operation of the 
tracer. The tiacer can negotiate 90° turns with ¥ in. 
radius at speeds up to 16 in./min. and 90° turns with 
} in. radius at speeds up to 27 in./min. The CM-56 
may be located indoors or outdoors without regard for 
lighting conditions. The operator can use as much 
light as he needs to follow the cutting operation without 
fear of upsetting the cutting pattern, he can steer 


| 
ig | ia 
— 
275 


manually or use remote control buttons to engage the 
template. 

’arts can be reproduced from an exact size drawing 
without the necessity of making allowance on the 
drawing for kerf width (metal removed by the cutting 
oxygen jet). Drawings of parts are made or traced in 
the exact size of the part desired, and the kerf compen- 
sator dial is then set for the plate thickness being cut. 
In this way it compensates for kerfs up to } in. wide so 
that reproduced parts are exactly the same size as the 
line drawing. 

The 10 ft. model carries up to eight torches, the 
74 ft. model up to six, and the 5 ft. up to four. Pre- 
heat gases and cutting oxygen are controlled by 
solenoid valves large enough to assure an adequate gas 
supply for multi-torch operations. Each torch has 
an individual cutting oxygen solenoid valve to assure 
instantaneous shut-off of gas, eliminating overrun at 
the end of a cut. Valves are controlled by electric 
switches on the control panel. In addition each torch 
has individual valves for fine adjustment of the preheat 
gases and a shut-off valve for the cutting oxygen. 
Motorised torch holders provide automatic up and 
down adjustment of all torches, and a new automatic 
height adjustment control is also available to deal with 
the slightest deviation in level of the plate surface. 


Union Carbide International Company, Division of 
Union Carbide Corporation, 270 Park Avenue, 
New York 17, New York, U.S.A. 


Portable Blast Cleaner 


A COMPLETELY self-contained portable blast cleaning 
unit that is no bigger than a small hand vacuum cleaner 


is now being produced by Hodge Clemco, Ltd. Known 
as the Educt-o-Matic, it weighs only seven pounds and 
contains its own vacuum pick-up and dust extraction 
unit, so that the only connection required is an airline. 
This should be } in. internal diameter, supplying 33 to 
60 cu. ft./min. at a pressure of 90-100 Ib. /sq. in. There 
are no electrical connections. 

The Educt-o-Matic is invaluable in areas where open 
blasting cannot be done. It can be used, for instance, 
in welding shops for cleaning welds or for cleaning before 
welding ; in areas where dust would be a nuisance, such 
as in canneries, motor car factories and chemical plants ; 


in highly mechanised factories ; and in areas that are 
difficult of access. It is small enough to fit through 
tank manholes, and the blast head can be swivelled for 
use at any angle. 

The abrasive is continuously recirculated so that 
there is very little wastage. A full charge of four pounds 
will normally blast for 15-40 minutes, according to the 
skill of the operator, although very little skill is required 
for maximum efficiency. Compressed air sucks the 
abrasive from its container into a venturi-type nozzle 
which blasts the air abrasive mixture perfectly evenly 
over the area enclosed by a rubber boot. This gives 
a blast pattern of 1-1} in. diameter. A vacuum picks 
up the abrasive with the material blasted from the 
surface and passes them to a small cyclone where they 
are separated, the removed material being blown into 
a dust bag for later disposal. The standard rubber boot 
attachment can be used for cleaning flat or large diameter 
surfaces, welds, floors and ceilings. Alternative attach- 
ments are available for cleaning the edges of plates and 
shapes and the insides of 90° angles. Most common 
re-usable abrasives can be used, such as steel shot and 
grit, aluminium oxide, silicon carbides and walnut 
shells: a mesh of 40 or finer is recommended. 


Hodge Clemco, Ltd., Victor Engineering Works, New 
Road, Rainham, Essex. 


Aluminium Alloys for Shipbuilding 


ALCAN Lrp., formerly Northern Aluminium 
Co. Ltd., have recently put on the market an improved 
aluminium-magresium alloy, Noral D548, which is now 
offered as a standard material for both plates and 
sections for structural use to the requirements of Lloyd's 
Register of Shipping. The minimum mechanical proper- 
ties laid down by Lloyd’s Register for aluminium struc- 
tural alloys are a 0-1°%, proof stress of 8 tons sq. in., an 
ultimate tensile strength of 17 tons/sq. in. and an 
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elongation of 12°, on a 2 in. gauge length. Whilst these 
are readily attained by plate supplied to the B.S.1477: 
NP5 6 specification, it has been necessary in the past to 
supply extruded sections to the B.S.1476:NE6 specifica- 
tion in order to guarantee these properties. Noral 
D548, with a nominal composition of 44°, magnesium, 
3°, manganese and }°%, chromium will meet Lloyd's 
requirements both in the plate and extruded form. This 
applies in the annealed (O) condition as well as the “* as 
manufactured ** (M) condition, leading to the further 
advantage that the properties after welding do not fall 
below the minimum properties specified for the material 
as supplied. Noral D548, which is generally similar to 
the American alloy AA5083, falls within the range of 
chemical composition covered by the NP 5 6 plate 
specification but is not yet covered by a British Standard 
for extruded sections. 


Alcan Industries, Ltd., Banbury, Oxfordshire. 


Modular Construction for ElectroniK 
Instruments 


SIMPLER servicing and lower maintenance costs are 
achieved in a new range of Honeywell ElectroniK 
instruments constructed on the modalar principle. 
Now, all major electrical components are contained in 
four separate quick-change sub-assemblies (modules) 
which provide these advantages, and also give finer 
performance. All these sub-assemblies, except the 
measuring unit, may be incorporated in existing Elec- 
troniK instruments. The four main modules are : 
constant voltage unit, measuring circuit unit, sec- 
tionalised balancing motor and quick release amplifier. 

The new constant voltage unit, which obviates 
batteries and periodic standardising, keeps the voltage 
across the slidewire to + 0-03°, for 10°, line varia- 


tions, or 0-15°,, where ambient temperature varies 
55%. This is achieved by regulating the output 


voltage of a small A.C.-D.C. supply with cascaded 
Zener diodes; a high output stability is achieved 
without change in the instrument’s accuracy. Spurious 
pen movement is thus eliminated, a benefit formerly 
only partly obtained by using a separate standardising 
motor. The constant voltage unit requires no main- 
tenance. 

Truly packaged in design, the measuring circuit 
unit is fully self-contained and has clip-on resistor panels 
for quick range changing; no soldering is involved, 
the change requires no specialist skill and so can be 
made by means of a screwdriver. Similarly, changing 
the actuation requires only the alteration of a spool 
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panel and the fixing of a new chart or scale. Improved 
defence against stray voltages is achieved by shielding 
and the use of short cable runs. 

The sectionalised balancing motor comprises four 
easily accessible sections and any major part is re- 
placeable within two minutes. This motor has been 
found specially reliable owing to the incorporation of 
built-in shock absorbers; it also has leak-proof oil- 
wick lubrication. 

Any of fifteen amplifier units with quick connect 
plug may be fitted, providing gain of up to 40 million 
times for input impedances between 400 and 50,000 
ohms. 

In the illustration of one of the new instruments, the 
constant voltage unit, measuring circuit unit, and 
plug-in amplifier can be seen (left to right) in the case 
of the instrument. The sectionalised motor is just to 
the left inside the swing door. 

Honeywell Controls, Ltd., Ruislip Road East, Greenford, 

Middlesex. 


Longer Galvatite Sheets 


Joun Summers & Sons, Lrp. have introduced into their 
plant new machinery, enabling them to supply extra- 
long Galvatite—corrugated galvanised steel sheet. This 
material is widely used for cladding agricultural and 
industrial buildings, and the introduction of these long 
sheets will affect economies in building. Sheets which 
were formerly supplied in lengths of 10 ft. and 12 ft. 
can now be supplied up to 22 ft. in length, in the standard 
3 in. corrugation. The illustration shows a 22 ft. length 
leaving the corrugating machine. 

Loss of material at the end laps of sheeting both on 
roofing and siding will be much reduced, as the long 
sheets span several purlin spacings. In some instances 
one sheet may span from eaves to ridge or from ground 
level to eaves. The new method of corrugating ensures 
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that the corrugations are perfectly parallel, making 
erection easier and reducing building time. The length 
of 22 ft. is an arbitrary figure and is imposed as a maxi- 
mum length that can be conveniently handled. Longer 
sheets can be supplied if customers provide suitable 
transport. 

John Summers & Sons, Ltd., Hawarden Steelworks, 

Shotton, Chester. 


B.N.F. Coulometric Thickness Meter 


BaseED on a design by the British Non-Ferrous Metals 
Research Association, this new plating meter is being 
manufactured by Nash & Thompson, Ltd., as an accurate 
means of measuring the thickness of most industrial 
electroplated coatings. The coulometric principle in- 
volves stripping the plating from a standard area and 
measuring the integration of time and current density. 
The operation is very simple, normally occupying only 
a few minutes and the meter switches itself off when the 
stripping action is completed. The thickness of the plating 
thus removed is determined from a dial reading and a 
multiplying factor. 


This B.N.F. coulometric thickness meter is mains 
operated and is suitable for use in both the research 
laboratory and the inspection department and can be 
used by non-technical staff. The circuits used are 
transistorised and all components are carefully rated to 
ensure a long and reliable use under industrial conditions. 

When platings are measured for thickness by this 
method a small, accurately determined, area of the 
surface is attacked by a stripping solution, with or 
without agitation. At the same time a current is passed 
through the cell and the plating and an integrating 
circuit provides a reading based on the integration of the 
current density and the time taken to strip the plating. 
Readings between 0-000004 in. and 0-0015 in. can be 
made to an accuracy of 4 5% on the following com- 
binations : chromium on nickel ; nickel on steel ; nickel 
on brass ; nickel on copper ; copper on steel ; copper on 
zine ; cadmium on steel; nickel on aluminium ; and 
zine on steel. 

To take a reading, the cell on the swing arm is placed 
on the plated surface and a quantity of the stripping 
solution placed in the cell. The cell potential is set to 


the correct voltage as indicated on the meter and the 
start control switched on. No further action is required 
until the stripping is completed, when the instrument 
automatically switches itself off. A note is then taken 
of the readings on the integrator dials and these are 
multiplied by the factor for the type of plating. 

Nash and Thompson, Ltd., Hook Rise, Tolworth, Surrey. 

Lightweight X-ray Unit 

A NEw portable X-ray unit of 150 kV. capacity and a 
weight of 51} Ib., has been introduced by Pantak, Ltd. 
The new unit, known as the Baltospot G150, is available 
in two models, the type D head having a 60° field, whilst 
the type P has a 360° field. In both units the beam angle 
is 35° and the head is offset. The focal spot size of the 
tungsten target is 1-5 x 1-5 mm. in the E150D, whilst 
that for the GI50P is 0-8 x 2-1 mm. A particular 
feature of the offset head is its use, especially in the 
panoramic version, in the examination of closed vessels 
of small diameter, the examination of a 3 ft. diameter 
tubular vessel with a welded dished end being well within 
the capacity of the unit. 

Sulphur hexafluoride is used for both insulation and 
cooling of the X-ray tube, forced circulation cooling of 
the anode being effected by means of an internal blower. 
The tankhead is of drawn aluminium with bolted dished 
ends and amongst the numerous protection devices 
fitted are shock absorbent mountings for the tube in the 
tank head and further shock absorbent mountings for 
the tank head in the cradle. A thermoswitch is fitted to 
guard against excessive temperature rise. The length 
of the tankhead is | ft. 9 in. and the diameter is 8} in., 
the weight being 46 lb. The weight complete with end 


rings is 514 lb., and the weight of the protective cradle is 
64 Ib. 
The control unit operates from a 220 V. 50/60 c./s. 


A.C. supply, using 6 A., and accommodates mains 
fluctuations of 10%, either way. Stepless type kilo- 
voltage and tube current controls are incorporated, giving 
continuously variable control. Experimental exposure 
charts for 16 in. and 28 in. focus object distances are 
supplied in the lid. The dimensions of the control case 
are | ft. x 9§ in. x 6} in., the weight being 27 Ib. 
Pantak, Ltd., Vale Road, Windsor, Berks. 

Oil Type Rust Preventive 
CropaFLurp 90/40 is a thin brown liquid intended 
for inside shop use for the protection of surfaces prior 
to final fabrication, and for parts being passed from 
one assembly shop to the next. It is not of the class 
of rust preventives intended to give protection against 
outside exposure. Indeed, its protective value under 
such conditions could be short—of the order of 4-7 days. 
It is useful as a temporary protective where the circum- 
stances do not warrant expenditure on the more effective 
temporary protectives. 

90/40 will wet clean metallic surfaces easily to give 
a uniform film of protective material. The general 
methods of application are dipping, spraying, brushing 
or swabbing and injection. Dipping has many advan- 
tages and is recommended wherever practicable. Like 
spraying, it can be incorporated as an integral part of a 
conveyor production line. Brushing or swabbing is the 
simplest method of application, but the coating lacks 
uniformity. 


Croda, Ltd., Cowick Hall, Snaith, Goole, Yorkshire. 
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CURRENT LITERATURE 


Trade Publications 


WE have received from the Baker Platinum Division of 
Engelhard Industries, Ltd., their latest thermocouple 
publication, which presents the case for the use of 
precious metal thermocouples, stressing the advantages 
as regards accuracy, stability, and resistance to chemical 
attack or oxidation, and claiming that taking into 
account length of life and the high scrap value—the 
cost of using them does not compare unfavourably with 
the use of base metals. Details are then given of the 
range of thermocouples available from the company, 
ranging from the most widely used, platinum v. 90°, 
platinum-—10°%, rhodium and platinum v. 87% platinum 
13°, rhodium couples to the high temperature iridium 
v. tungsten and tungsten-rhenium v. tungsten couples, 
which can be used intermittently, in inert atmospheres 
or in vacuo, at temperatures up to 2,300° C. and 2.8007 C, 
respectively. 


THE first of two publications (R.D. 77 (Sec. 2)) recently 
issued by Morgan Refractories, Ltd., deals with the 
monolithic refractories known as mouldables, castables 
and ramming materials, which have long been used for 
repair work and have now been developed in quality 
to the stage where they are used as structural refrac- 
tories. Particulars are given of various grades, ranging 
from 35°, alumina up to 98%, alumina. 

The second leaflet (R.D. 95) describes briefly the 
Purox range of high quality oxide refractories—alumina, 
thoria, magnesia and zirconia. The use of graphite 
lubricants in the glass industry is featured in a leaflet 
(G.P. 60) issued by another Morgan company—Graphite 
Products, Ltd.—whose Foliac preparations are used as 
mould lubricants in automatic glass forming machines. 


A NEW eight page publication has been produced by 
Henry Wiggin & Co., Ltd., on Incoloy DS _nickel- 
chromium-iron alloy. This alloy, formerly known as 
Nimonic DS, though less resistant to oxidation than 
the higher nickel-containing alloys, is a useful material 
in oxidising conditions at temperatures up to 950° C., 
and in reducing atmospheres may sometimes be used 
at even higher temperatures. The publication gives 
details of physical and high-temperature properties and 
includes reference to fabrication techniques. 


THE first edition of Publication No. 52 has just been 
released by Keith Blackman. It covers by description, 
drawings, photographs and capacity tables, the new 
range of Tornado-Cyclogal high efficiency dust collectors 
which are available in seven sizes, with normal rated 
duties from 160 to 42,500 cu. ft. of dust laden air per 
minute. Copies may be obtained from the Publicity 
Department, Keith Blackman, Ltd., Mill Mead Road, 
London, N.17. 


Two new publications describe the standard range of 
vacuum furnaces made by The General Electric Co., 
Ltd.. in association with Vacuum Industrial Appli- 
cations, Ltd., and British Geco Engineering Co. 
Vacuum induction furnaces, dealt with in publication 
E.46, are suitable for melting and casting metals gas 
free, from crucibles ranging in capacity from one pound 
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to one ton. The work chamber and oil diffusion pump 
are mounted on one framework, the rotary pump 
being mounted separately to avoid vibrating the furnace. 
Publication E.47 indicates that “ cold retort” types 
of vacuum resistor furnaces are available, and are 
suitable for the laboratory or for production. Sintering, 
brazing, melting and heat treatment under vacuum are 
typical applications for this type of furnace. In 
addition G.E.C. can also supply special equipments such 
as vacuum quenching furnaces to meet particular re- 
quirements. 


Besipes catering for the production shop, Wild-Barfield 
Electric Furnaces, Ltd., have established a reputation 
for laboratory muffles and small furnaces which are 
today in world-wide use. A new booklet dealing with 
this side of Wild-Barfield’s work gives particulars of 
units ranging from horizontal rectangular muffles to 
high temperature tube furnaces, and from small gold 
melting furnaces to pyrometer testing furnaces and 
Tensometer tensile testing furnaces. Other recent 
Wild-Barfield publications include one dealing with gas 
carburising and carbonitriding processes and equipment 
therefor, one on shaker hearth furnaces for continuous 
controlled hardening, and one on the 2} kW. induction 
heating equipment designed to bridge the gap between 
very small units and the larger industria! equipment. 


A BRIEF but informative synopsis of what has been 
achieved by the A.E.I. Electronic Apparatus Division in 
advising and assisting manufacturers desirous of taking 
advantage of the benefits offered by modern electronic 
techniques is given in an illustrated publication (4051-81, 
Ed. A) just issued. The publication imparts an insight 
into what can still further be accomplished to reduce 
costs and increase efficiency in a great many existing 
and new industrial processes, and includes sections on 
electronic motor control, power magnestats, static 
switching, welding controls, voltage regulators, electronic 
timers, high frequency heating, photo-electric equip- 
ment, control of paper machine drives, crane approach 
warning system, “ Clearcall”’ carrier-frequency com- 
munication system, safety devices, etc. Copies can be 
obtained on application to the Advertising Department, 
A.E.1. (Rugby) Ltd., Mill Road, Rugby. 


A BROCHURE in colour which describes in detail six 
typical uses of the EMIDEC 1100 all-transistor data 
processing system, has recently been issued by E.M.lI. 
Electronics, Ltd. The applications described range from 
production control to hire purchase accounting, and 
include special chapters on payrolls, and current account- 
ing for banks. Each section is illustrated by a typical 
flow chart, and an ingenious throw-out flap on the back 
cover facilitates instant reference to the number of 
units of equipment required for each application 
described. Copies of the brochure can be obtained on 
application to: Computer Division, E.M.1. Electronics, 
Ltd., Hayes, Middlesex. 


AN up to date leaflet has been issued, covering Philips 
stud-welding equipment, and is obtainable from the 
company’s sole distributors in the U.K., Research and 
Control Instruments, Ltd., Instrument House, 207 
Kings Cross Road, London, W.C.1. The leaflet (RCL. 


5909) gives the latest information about apparatus and 
accessories available, the main features of the technique 
and illustrates a typical application. 


Since its foundation a hundred years ago the David 
Brown organisation has fulfilled a unique—and often 
unsuspected—role in the technological advancement of 
human endeavour in many parts of the world. A new 
publication—David Brown: Some Facts and Figures 
is intended to indicate some of the organisation’s more 
spectacular contributions, and to illustrate its world- 
wide interests and activities—the result of a century of 
enterprise and progress. 


THE engineering group of The General Electric Co., 
Ltd., has recently extended its range of circular electric 
lifting magnets to include two new sizes of 30 in. and 
80 in. diameter. Full information of these two new 
sizes is included in the revised edition of Technical 
Description No. 379. In addition to standard circular 
lifting magnets, G.E.C. makes many other types in- 
cluding those suitable for salvaging steel and iron cargo 
from the holds of sunken ships ; for handling hot ingots 
up to 650°C. ; for lifting coils of steel strip; and for 
charging rotary furnaces with operating temperatures 
up to 1,000° C. 


A RECENT Henry Wiggin publication explains briefly the 
composition and available types of casting in the 
Nimocast series of nickel-chromium alloys. Many of the 
applications, which are illustrated, are components of 
British gas-turbine engines, such as turbine-stator blades, 
rotor blades, discs and rings. The publication, which 
gives an indication of the range of forms which can be 
cast in the Nimocast series of alloys, is obtainable free on 
request from Publicity Department, Henry Wiggin and 
Co., Ltd. 


No. 41 in the series of monographs on organic chemical 
reagents issued by Hopkin & Williams, Ltd., Chadwell 
Heath, Essex, deals with 4 : 7—diphenyl—1 : !0—phen- 
anthroline (Bathophenanthroline). ‘lhis is a reagent 
for iron and information is given concerning its use for 
the detection and determination of iron, particularly 
in small amounts. 


THe Buyers’ Guide first publisned by the British Gear 
Manufacturers Association in 1955 has now been revised 
and reprinted. The Guid: is designed to assist buyers 
of gears both at home ard overseas by making known 
the range of products and services which are available 
from British manufacturers. 


ABSTRACTS of papers presented at the Fifth Symposium 
on Magnetism and Magnetic Materials, Detroit, 1959, 
form an interesting feature of the September | October 
issue of The Nickel Bulletin. The remainder of the 
abstracts cover practically every field in which nickel or 
nickel-containing materials are of industrial importance. 
Work on methods of improving the corrosion-resistance 
of nickel chromium electrodeposits (particularly in 
connection with the plating of car components) continues 
to be reflected in the Electrodeposition Section. Proper- 
ties, applications, determination and analysis are the 
main subjects of the Nickel Section, while abstracts of 
papers on the properties of cupro-nickel alloys form the 
basis of the section on non-ferrous alloys. Items out- 
lining the scope and salient findings of five investigations 
of the characteristics of nickel-containing spheroidal- 


graphite irons make up the Cast Iron Sect:on, and the 
abstracts in the section covering low-alloy steels reflect, 
inter alia, the growing interest in the behaviour of such 
materials at high and low temperatures. Over fifty of 
the abstracts comprising this double issue re!ate to heat- 
and corrosion-resisting matevials. ‘lhe literature in this 
conection is as diverse in content as the multitude of 
applications found by nickel-base high-temperature 
alloys and the chromium nickel stainless steels, aad there 
is space here to draw attention only to items covering a 
French Symposium on Aqueous and Gaseous Corrosion 
and to papers reporting studies of residual-oil-ash 
corrosion and the development of a €0-40 chromium- 
nickel casting alloy exhibiting improved resistance to this 
type of attack. 

Or two data sheets recently issued by Elcontvol, Ltd., of 
Hitchin, Herts., the first (Data Sheet BC Issue 1) de- 
scribes two current types of electronic counting and 
batching equipment, one type making uve of Dekatroa 
counting stages (BC1) and the other type (BC2) being 
a small self-contained batch counter for general industria! 
use at speeds up to 600 a minute. Data Sheet PR Issue 3, 
brings together a number of Electrontro!l standard 
photoelectric units and describes a wider range of 
viewing heads and light sources than that contained 
in the original issue. 

Tue L. S. Srarrer Co., Ltd., Jedburgh, Roxburgh- 
shire, which is a subsidiary of the well-known America. 
manufacturers of precision tools and measuring in- 
struments has published a brochure giving full technical 
details of its metal cutting band saw blades. Band saw 
blades in coil stock lengths and cut-to-size welded 
bands are some of the first products to come from the 
new 2 million dollar factory in the Scottish Borders. ‘Lhe 
booklet, which is attractively designed, contains tables 
showing blade widths, gauge or thickness, teeth per inch, 
and weight per 100 ft. for raker set, wavy set and skip 
tooth blades. A materia!-:utting recommendations table 
gives a useful guide to pitch selection, and a band saw 
trouble chart outlines several! faults, caused by improper 
blade adjustment and the necessary remedies for correct 
operation of the cutting machine. 


Books Received 


“Two Hundred Precious Meta! Years: A History of 
The Sheffield Smelting Co., Ltd., 1760-19€0." By R. E. 
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“The Practical Anodising of Aluminium.” By 
W. W. E. Hiibner and A. Schiltknecht (translated by 
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Wood. 135 pp. London, 1960. Institute of Metals. 
“ Metallurgical Reviews "—a quarterly—is obtainable 
by annual subscription only: 50s. ($7-50) post free ; 
(members of the Institute 32s. 6d. ($5-00) post free). 
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is your pet a hardened type? 


Do you hate to see your pet product as a horrid, scaly 
object, with soft spots and a distorted shape ? 

Then you should think seriously of preventive treatment by 
Birlec furnace equipment. 

This prescribes any one of many kinds of hardening and 
tempering furnaces to condition your product perfectly— 
whether it be fish hooks by the million or space rockets 
for the millenium. 

There are box, pit, elevator, pusher, roller, belt, shaker 
and some other rather special types of Birlec hardening 
furnaces, electrically heated or gas fired, with strictly 
non-scaling and non-decarburising atmosphere-control 
equipment and alternative quenching arrangements. 


Ask your pet typist to write to us for more information. 
furnaces for every heat treatment 


AEI-Birlec Limited 


Tyburn Road, Erdington, Birmingham 24 
Telephone: East 1544 Telex No: 33471 


SM 'B619! LONDON - SHEFFIELD - NEWCASTLE-ON-TYNE - GLASGOW CARDIFF 
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Steam Homo tempering 
increases the life of tools, cams, 
bearings, pistons, etc., by at least 25% 


| how is usually an underestimate particularly with tools when cutting 
high chrome or high carbon steel when tool life is often doubled. 


a. Steam Homo Furnace is under automatic temperature contro! and 

during treatment a tough, blue black, oil retaining oxide film is pro- 
duced on the surface of the tool or part, this giving the greatly increased life. 
Non-ferrous parts, after stress relieving or annealing, have a scale free finish, 
this eliminating after-cleaning operations, and sintered iron products have 
greater hardness and compressive strength and resistance to deformation. 
Great undertakings like Brooke Too!, Easterbrook Allcard, Firth Brown 
Tools, Schrader etc., all use this method. 


Scale-free finish—More and better work— 
in less time—and at lower cost 


Catalogue TD.2 620(1) give you full detail or a Technical Representative will wait upon you with pleasure 


Free Consultative Service 


INTEGRA, LEEDS & NORTHRUP LTD. 
183, BROAD STREET, BIRMINGHAM, 15 


Telephone: MIDLAND 1453/4 ‘Grams.: FLOMETER, BIRMINGHAM 
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LABORATORY METHODS 


MECHANICAL - CHEMICAL - PHYSICAL - METALLOGRAPHIC 
INSTRUMENTS AND MATERIALS 


Vol. LXII, No. 374 


Determination of Zirconium in Complex 


Nickel 


Alloys 


By B. B. Bach, B.Sc., A.R.LC., and J. T. Francis 


(The Mond Nickel Co., Ltd., Development and Research Department Laboratory, Birmingham) 


A spectrophotometric method, using alizarin S, has been developed for the determination 


of zirconium in the range 0-05-0-2°,. It is applicable to complex nickel alloys containing 
molybdenum, titanium, cerium, chromium, cobalt, aluminium and other elements. 


industry for applications involving service at 
high temperatures. Such alloys often contain 
major amounts of chromium (up to 20°), cobalt (up 
to 20%), molybdenum (up to 10%), titanium (up to 
5%), and aluminium (up to 5°). In addition, iron, 
manganese, cerium, zirconium, copper and other ele- 
ments may be present in amounts up to 0-5%. In 
alloys of these types zirconium can be determined 
spectrographically if a range of chemically analysed 
standards is available. The object of the work reported 
here was to develop a method for the determination of 
zirconium in such standards, covering the range from 
0-OL to 0-2% Zr. 
Experimental Procedure 
tae usual gravimetric methods for determining 
zirconium, as phosphate,’ oxide,' p-bromomandelate,* 
ete., were found to be insufficiently accurate for zir- 
conium contents below 0-2%. Several colorimetric 
methods have been proposed using alizarin S,* morin,4 
quercetin,® phenylfluorone,* chloranilic acid,’ catechol 
violet,*  p-dimethylamino-benzene-azo-phenyl —arsonic 
acid,*® and (since this investigation was completed) 
xvlenol orange.'® 
All the colorimetric methods mentioned above are 
suitable for small amounts of zirconium, but alizarin S 
was chosen as the most promising reagent because it 
was readily available, and because most of the inter- 
fering elements could be removed easily. Preliminary 
experiments, using the technique described by Mayer 
and Bradshaw,’ with a pure zirconium chloride solution, 
showed that by plotting optical density (measured at 
5250A on a Uvispek spectrophotometer) against zir- 
conium concentration, a straight-line calibration graph 
could be obtained with quantities of zirconium ranging 
from 20 to 800 ug. in 100 ml. Above 800 ug., coagulation of 
the lake occurred, and below 20 ug. the graph was curved. 
Optical Absorption Curves 
The absorption spectra of the zirconium alizarin 8 
lake and of the reagents were measured on the Uvispek 
spectrophotometer. The curves are given in Fig. 1. 
The zirconium complex gives an absorption maximum 
around 5250A and at this wavelength the absorption 
due to the reagent is at a minimum. 


N ‘inaust alloys are widely used in the aircraft 
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WAVELENGTH IN ANGSTROM UNITS 
Fig. 1—Absorption curve of zirconium-alizar'n S lake. 


Effect of Interfering Elements 

Mayer and Bradshaw’ list many of the relevant inter- 
ferences, among them nitrate, fluoride, oxalate, phos- 
phate, organic hydroxy acids (tartaric, ete.), large 
amounts of sulphate, oxidising agents, Fe" and Th". 
Among those not mentioned are Ti’, Mo*' and Ce™, all 
of which can be present in nickel alloys. Tests showed 
that in amounts below | mg. Ce" did not interfere, but 
Ti’ interfered by giving cloudy solutions due to hydro- 
lysis. Mo*', when present in quantities around 50 mg.., 
caused severe interference, as did large amounta of 
coloured ions such as Ni™, Cu", Cr and Co". Con- 
trary to Mayer and Bradshaw’s finding, thioglycollic 
acid proved very satisfactory for the elimination of 
interference from small amounts of Fe". 


Separation 
From the interferences mentioned it was obvious that 
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TABLE 1.—DETERMINATION © <TROONIUM IN SYNTHETIC NICKEL- 
CHROMIUM-COBALT ALLOYS 


yr | Deviation 
Added | Average and from 
No. | Alloy (%) Zr Found (%) Range (%,) Added Zr 
1 A Oo? | O-O11 0-001 
2 0-030 o-O31 0-029 o-o02 


0-002 


0-001 0-002 


O-152 


0-153 


Nominal composition of alloy type A: Co 20%, Cr 20%, Ti 2-5%, Al 1-5% 
with less than 0-5% Si, Cu, Fe, ete., Ni balance. 
Nominal composition of alloy type B: Co 26%, Cr 10%, Ti 1-5%, Al 5-0%, 


Mo 5%, with less than 0-5% Si, Cu, Fe, ete., Ni balance 


or 


a preliminary separation of zirconium would be required. 
Electrolysis at a mercury cathode was known to be 
satisfactory for removing Co", Fe'', Mo‘', Cr and 
Cu", but Ti'*, Al, Ce™ and some Mn" would be left in 
solution. Of these elements, Ti'’ was the main inter- 
ferant. 

Various methods for separating Ti'Y and Zr'’ were 
tried, including precipitation of Zr(OH), with ammonia 
in the presence of H,O,, precipitation of Ti'’ as a complex 
iodate, use of substituted arsonic acids, and use of ion 
exchange. The only method which gave complete 
recovery of Zr'* was the extraction of Ti'* as cupferrate" 
from a solution containing ethylenediamine-tetra-acetic 
acid (E.D.T.A.) buffered to pH 5, followed by extraction 
of Zr'Y as cupferrate from strong acid. Extraction of 
the cupferrates was more satisfactory than filtration of 
the precipitates because better recovery of Zr'’ and more 
efficient removal of Ti'’ was obtained. 


Recommended Method 
REAGENTS 

Unless otherwise stated, all reagents should be 

AnalaR grade. 

Nitrie Acid (sp. gr. 1-42). 

Hydrochloric Acid (sp. gr. 1-16). 

Sulphuric Acid (1: 1).—Add 50 ml. sulphuric acid (sp. 
gr. 1-84) to 50 ml. water. 

Hydrogen Peroxide (100 vol.). 

E.D.T.A. Disodium Salt. 

Ammonium Hydroride (sp. gr. 0-880), 

Cupferron. 

Chloroform. 

Perchloric Acid (sp. gr. 1-54). 

Thioglycollic Acid (G.P.R. 1: 1).—Add 50 ml. thiogly- 
collic acid to 50 ml. water. 

Alizarin Red 8S. (0-15%, solution in distilled water). 

Zirconium Stock Solution (: ml.=5 mg.).—Dissolve 
approx. 4 g. (see note) zirconium nitrate in 50 ml. 
HNO, + 50 ml. distilled water and dilute to 250 ml. 
Standardise this solution by precipitating zirconium 
hydroxide with ammonia. 

With a pipette, take 10 ml., dilute to about 15 ml., 
make ammoniacal, boil and filter. Ignite to ZrO,, 
which contains 74-03°, zirconium. 

Zirconium-Nitrate Working Solution.— Dilute | ml. stock 
solution to 250 ml. with distilled water. 
1 ml, = 20 yg. Zr. 
N.B.—This solution will not keep, as it hydrolyses. 
It should be freshly prepared immediately before use. 


’ 


TABLE I1.—DETERMINATION OF ZIRCONIUM IN SPECTROGRAPITIC 
STANDARDS 


| Zr Found Average and Range 
No. Alloy (%) (%) 

1 A O-ols o-o16 + 
-O17 O-O17 0-002 

2 A | 0-022 0-023 0-023 
| 
A | 0-023 0-025 0-024 
4 A | 048 0-046 0-002 
A | o 0-095 0-004 + 0-001 

0 
O-o17 0O-O18 O-O17 + O-OO1 
7 K 0-027 0-029 0-028 O-oo1 

O01 

1 R 0-037 0-036 0-037 
| 
| 
12 B O- O86 0-088 + 0-002 

13 B 12s 0-127 0-128 + 
o-oo] 


Nominal composition of alloy type A : Co 20%, Cr 20%, Ti 2-5%, AL1-5%, with 
less than 0-5% Si, Cu, Fe, ete., Ni balance. 

Nominal composition of alloy type B: Co 20%, Cr 10%, Ti 15%, Al 50%, 
Mo 5%, with leas than 0-5%% Si, Ca, Fe, eie., Ni balance, 


Note—Zirconium nitrate has a variable composition 
and does not conform to the formula Zr (NO,),. When 
this work was carried out 4 g. was found to be correct 
for the sample available, but that amount may not be 
correct for samples from other suppliers. 

PROCEDURE 

Dissolve 1 g. (see Note 1) of drillings in 50 ml. 1:1 
hydrochloric acid /nitrie acid. Add 4 1: 1 sulphuric 
acid and evaporate cautiously to fumes of sulphur 
trioxide. Do not heat too strongly (see Note 2). Add 
40 ml. water and heat gently to dissolve salts. Filter 
hot through a Whatman 541 paper and wash with hot 
water. Reserve the residue (see Note 3). Transfer to a 
mereury-cathode electrolysis cell and electrolyse at 
4-5 A. (see Note 4) until the solution is colourless. Wash- 
in the sides of the cell and continue the electrolysis for 
a further 30 minutes. Run off the solution from the 
mercury and wash the cell with water. 

Add 1 ml. hydrogen peroxide (100 vol.) (see Note 5), 
and evaporate the solution just to fumes of sulphur 
trioxide. Allow to cool and add 25 ml. water. Transfer 
to a 150 ml. separating funnel and dilute to approxi- 
mately 50 ml. Add 2 g. E.D.T.A. and shake until dis- 
solved. Add ammonium hydroxide to make just alkaline 
to methyl orange, and cool thoroughly. Add approxi- 
mately 0-3 g. cupferron and 10 ml. chloroform ; shake 
well. Allow the yellow chloroform layer to separate and 
discard it. Repeat the extraction twice, using approxi- 
mately 0-3 g. cupferron and 10 ml. chloroform each time. 
Finally, extract twice with 10 ml. portions of chloroform. 
The last chloroform extract should be colourless. 

Add 10 ml. hydrochloric acid and cool thoroughly. 
Add approximately 0-3 g. cupferron, extract with 
3 « 10 ml. portions of chloroform, and combine the 
extracts in a 100 ml. beaker. Evaporate the chloroform 
varefully until a brown oily liquid is left. Very cautiously 
add approximately 20 ml. nitric acid, taking precautions 
to prevent loss of solution by effervescence. Add 3 ml. 
perchloric acid and evaporate cautiously to fumes of 
perchloric acid. Remove the beaker cover and evaporate 
just to dryness. 

Add 3 ml. hydrochloric acid, boil and then add 10 ml. 
water and 3 drops | : 1 thioglycollic acid. Heat to about 
80° C. and add 10 ml. 0-15° alizarin Red S solution. 
Place in a boiling-water bath for 3 minutes, cool to room 
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temperature and dilute to 100 ml. Read the optical 
density at 5250 A on a Uvispek spectrophotometer (see 
Note 6), using a 4 cm. glass cell, against a blank solution 
consisting of 3 ml. hydrochloric acid, 10 ml. water, 3 
drops thioglycollic acid and 10 ml. 0-15% alizarin Red 
S, which has been heated in the water bath as above. 

Read off the zirconium content from the calibration 
graph. 

NoTEs 

Note 1.—The optimum quantity of zirconium in the 
final solution lies between 100 ug. and 500 ug. although 
satisfactory results can be obtained from 20 ug. to abeut 
800 yg. For zirconium contents higher than 0-05°% 
proportionately smaller samples should be taken. 


Note 2.—If the salts are heated too strongly there is a 
danger that insoluble chromium salts will be formed. 

Note 3.—If zirconia (ZrO,) is suspected in the alloy 
this residue should be fused with potassium bisulphate 
and the extract added to the original solution before 
electrolysis. 

Note 4.—Using an uncooled cell, 4-5 A. is the maximum 
current allowable, but this can be increased if water- 
cooled cells or electrodes are available. 


Note 5.—The hydrogen peroxide is added to prevent 
hydrolysis of titanium salts. When the titanium content 
is low this step can be omitted and the solution can be 
simply evaporated to about 30 ml. 


Note 6.—Other spectrophotometers could be used, or 
the Spekker Absorptiometer should be satisfactory, 
using Ilford yellow-green filter No. 605 and H.503 heat 
filter. 

CALIBRATION GRAPH 

Add known amounts of zirconium nitrate solution to 
suitable weights of either an alloy containing no zir- 
conium or of a synthetic alloy solution prepared from 
salts. Analyse these samples by the procedure given, 
and plot a curve relating optical density to micrograms 
of zirconium. The zirconium additions should range 
from about 20 to 800 micrograms and the weights of 
alloy used should be appropriate to the zirconium con- 
tents of the samples to be analysed. The composition 
of the synthetic alloy should approximate to that of the 
samples. 

Discussion 

Throughout this investigation no account was taken 
of the presence of hafnium, which is usually present in 
commercial zirconium in amounts of 1-3%. Mayer and 
Bradshaw report that under the same conditions haf- 
nium forms a similar lake, but the absorption is only 
one quarter of that given by zirconium. The effect of 
hafnium will therefore be negligible. 

When the zirconium : titanium ratio was too low, 
difficulty was experienced in obtaining a clean separa- 
tion : satisfactory results were, however, obtained down 
to 0-01%, Zr in the presence of 3-5% Ti. The method 
has been found to be satisfactory from about 0-01%, to 
0-5°, Zr: above about 0- 2% Zr the gravimetric method, 
using p-bromomandelic acid, is more accurate. 

A selection of results obtained by this method, when 
used on nickel-cobalt-chromium alloys containing molyb- 
denum, aluminium and titanium, is given in Table I. 
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Correspondence 
RAPID METHODS OF ANALYSIS 
The Editor, METALLURGIA. 
Sir, 

Analytical control of metallurgical processes such as 
the production of alloys and the refining of metals is 
most conveniently and rapidly achieved using one or 
other form of direct reading spectrograph. Such 
instruments are by no means available to every control 
chemist, however, and there is still a need for wet chemical 
methods which will produce results of adequate accuracy 
in as short a time as possible—preferably in not more 
than fifteen minutes from the time of taking the sample. 

It is perhaps not widely realised that the biggest 
obstacle to achieving analysis times of this order is the 
time taken to effect solution of the sample. This is 
illustrated by a composite photometric determination of 
iron, copper and nickel in an aluminium alloy in which 
the stages of the operation were timed. When the sample 
(200 mg.) consisted of millings or drillings of the size 
normally employed it was found that of the total analyti- 
cal time of 26 minutes 20 seconds, dissolution of the 
sample (in sodium hydroxide solution) took 17 minutes 
40 seconds, i.e. over two thirds. When the sample was 
in the form of sawings the same amount was dissolved in 
the same caustic solution in times ranging from 3 to 7 
minutes—a saving of nearly 11 to 15 minutes. 

Sawings have the further advantage that they can be 
obtained rapidly and simply, without the use of power 
operated machinery—only a vice and a hack-saw are 
required—and the sawings are representative since cuts 
can be made through the whole cross-section of the 
sample casting. In practice a flat chill casting, preferably 
}in. to jin. in thickness, is cut to the centre line a 
number of times from both edges using an ordinary 
hacksaw with a 12-in. blade having 18 teeth to the inch. 
Sufficient sample (freed of iron particles by a magnet) 
can be obtained in this way within three minutes. 

That analytical time can be saved by using a fine 
sample is obvious, but the above quantitative illustration 
of the order of saving which can be achieved with 
aluminium alloys, and which becomes of greater signifi- 
cance for quick methods, may be of interest to your 
readers. It is one of the findings which resulted from a 
critical examination of rapid methods available for the 


(continued on page 284) 


| 
283 


Accurate Temperature 
Control for 


Creep/Rupture 
Testing Installation 


The first of the six furnaces with the switch gear panel located 
between the Honeywell strip chart recorder-controller on the 


or closer, has been achieved at a new creep /rupture 

testing installation at the Research Department of 
Colvilles, Ltd., at Mossend, nr. Glasgow. This is believed 
to represent finer control of temperature than has been 
obtained hitherto in this type of work. When complete 
the installation will comprise six new electric resistance 
furnaces, which will be used to collect creep ‘rupture 
data on various steels which Colvilles produce. Each 
furnace will operate at a different temperature, the six 
temperatures being 400°C., 450° C., 475°C., 500°C., 
525° C., and 550° C., all 10° C. The temperature 
control is well within the tolerances laid down by the 
appropriate British Standards governing this type of 
test. 


furnace zone control to within 0-5° C., 


Continuous Record 


Each furnace is itself divided into six zones containing 
thermocouples ; thermocouples are also placed adjacent 
to the specimens. Using Colvilles’ own switchgear panel, 
measurements of these points are taken in sequence, 
thermocouples being connected for a few seconds each. 
A continuous record is given on a Honeywell Controls 
ElectroniK strip chart recorder-controller ; the ink trace 
is continous since there is an ‘ overlap * in the switchgear 
which provides the average of the temperature of two 
zones when switching over from one zone to another. 

The ElectroniK instrument acts as a controller in 
conjunction with the switchgear panel, and experience 
with the first furnace showed a maximum variation of 
4° C. per zone and 1}° C. over the whole furnace under 
the worst combination of errors. Such precision may 
in large measure be attributed to the continuous method 
of control. The recorder-controller operates on the self- 
balancing potentiometer principle. A voltage repre- 
senting the furnace temperature is applied to a slidewire 
and is compared to a standard voltage ; any departure 
from the required temperature is conveyed through an 
amplifier system to a motor which moves the slidewire 
contact and places the circuit in balance again. At the 
same time the ink trace changes position laterally and 


right and the recorder in the centre foreground. 


the switchgear panel is used to change the supply to the 
furnace zone. 


Additional Safety 


An additional safeguard covering the whole circuit 
is provided by means of a Honeywell Protect-O-Vane 
excess temperature safety cut-off. The creep/rupture 
tests are carried out over extended periods, and, although 
low temperature could be tolerated, a single instance of 
the temperature rising above the preset value would 
ruin the test and waste much time. This overall pro- 
tection in the case of each furnace has therefore been 
thought prudent. The Protect-O-Vane is arranged to 
operate from two thermocouples in series. Finally, a 
further item of instrumentation is an extra ElectroniK 
which is a strip chart recorder only, for occasional study 
of selected thermocouple readings. 


Mass Spectrometers for Russia 


AN order value £50,000 has been received by the Instru- 
mentation Division of Associated Electrical Industries, 
Ltd., from a London confirming house for two MS7 
spark-source mass spectrometers for Russia. The 
spectrometers will be manufactured at the A.E.I. 
Trafford Park Works and will be delivered to V/O 
Mashpriborintorg U.S.S.R. 


Correspondence 
(continued from 283) 


analysis of aluminium alloys made recently by the 
Chemists’ Sub-Committee of the Association of Light 
Alloy Refiners and Smelters. 
Yours faithfully, 
F. H. Smrrs#, 
Technical Officer 
The Association of Light Alloy 
Refiners and Smelters, Ltd., 


November 1960 3, Albemarle Street, London, W.1. 
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Most manufacturers today employ electric motive 
power through individual drives, which, among 
their many advantages, permit the right type of 
motor to be used for each of various types of 
machine. The range of motors available—each with 
its own characteristics—is very large, and the factory 
executive could well be guided in his choice by the 
expert views of the motor manufacturer, the install- 
ing engineer or his Electricity Board’s engineer. 
The characteristics of the main types of motor are 
briefly summarised below. 


Squirrel-cage Motors 

These are the most straightforward and simple in 
design, and are therefore relatively cheap and robust 
in character. They should be considered for general 
duties and, in conjunction with variable-speed gears 
or couplings, for applications requiring variable 
speeds, e.g. for crane drives. Small sizes can be 
switched direct-on-line. 


The squirrel-cage motor very suitable for 
individual drive of each ie of single-purpose 
machine tools where the motor horsepower can be 
precisely specified. It is suitable for driving a 
fans, lifting hoists and wcodworking machines 

Textile machinery represents another field of use. 


Slip-ring Motors 

The chief advantage of the slip-ring motor is a very 
low starting current for a given torque, e.g. full-load 
torque at starting with a current about 10% above 
full-load current. This makes it suitable for applica- 
tions requiring a prolonged starting period with a 


load of high inertia. It also permits of speed variation 
below synchronous speed, though with some loss of 
efficiency. Typical applications include fans, pumps, 
heavy lathes, grinders and boring mills, as well as 
calendering machines, cable-laying-up machines and 
mine hoists. 


Data Sheer NO. 14 


Three-phase A.C. Commutator Motors 
The main characteristic of this type is variable- 
speed with uniform and gradual acceleration and 
good efficiency over the speed range. Paper 
manufacture provides excellent examples of its use, 
e.g. in paper-making, reeling, cutting, calendering, 
coating and drying. 


A.C. commutator motors are recommended for 
mechanised bakeries and for cranes and hoists where 
very slow speeds are frequently needed. 


Synchronous Motors 


These are constant-speed motors. One particular 
advantage is that they can be operated at unity or 
even at leading power factor to correct a system 
suffering from lagging power factor, and perhaps so 
qualify for a reduction in the electricity bill. Pump 
and compressor drives are typical uses to which they 
can be put. Theyare also used in motor-generator sets. 


Single-phase A.C. Motors 


In general, single-phase motors are used in light 
industries for drives x0t requiring more than about 
five horsepower or where a three-phase supply is not 
available. While their use is mainly limited to work 
of a light nature, they do fill a need in such duties as 
sewing-machine drives, portable hand tools, window 
opening and closing gear, etc. 


Direct Current Motors 


For a completely unfettered performance where wide 
ranges of speed variation, high rates of acceleration 
and powerful dynamic braking are all-important, the 
D.C. motor is unrivalled. This means in effect the 
installation of an A.C.-D.C. motor-generator set or 
rectifier to give the necessary supply, but the 
increased cost may well be compensated by the 
improvement in productivity. When variable voltage 
is applied to the armature, a wider speed range is 
obtainable than with any other type of motor. 
Typical applications of the D.C. motor are: cranes, 
haulage and tippler equipment, certain machine tools 
requiring a large speed range and smooth accelera- 
tion, high-speed printing and steelworks drives. 


For further information, get in touch with 
your Electricity Board or write direct to the 
Electrical Development Association,2 Savoy 
Hill, London, W.C.2. TEMple Bar 9434. 

They can offer you excellent reference 
books on electricity and productivity (8 /6, 
or 9/- post free)—‘“‘Electric Motors and 
Controls”’ is an example. 

E.D.A. also have available on free loan 
within the United Kingdom a series of 
films on the industrial uses of electricity. 
Ask for a catalogue. 
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Wild-Barfield 
Muffles for 


better job 


Wild-Barfield laboratory tube muffles have been specially designed for use 


in analytical and works laboratories. They have many uses including 


critical point determinations. Temperature range is up to 1050°C (1922°F). 


Models are available from stock. Write for details. 


uy for all heat treatment purposes 


ACES 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS * OTTERSPOOL WAY * WATFORD BY-PASS * WATFORD * HERTS, Phone: Watford 26091 (9 lines) Grams: Elecfurn, Watford. 
wB99 


ALLOYS for METALS and POWDERS 
STEELMAKING TOOL TIPS 


Ferro Tungsten 80/85% 

Ferro Vanadium 35/80% 

Ferro Molybdenum 70/75% DRAWING DIES, Etc. 
Calcium Molybdate 40/50% Tungsten Metal Powder 

Molybdenum Briquettes 55/65% Tungsten Carbide 

Ferro Titanium 20/25% and 40% Tungstic Oxide 

Tungsten Metal Powder 98/99%, Titanium Carbide 

Manganese Metal Ammonium Para Tungstate 


Chromium Metal and other metallic carbides 


Our specification booklet, giving full details of all our products and our quarterly ALLOY Metals Review, will be gladly sent on request to 
us at :— DITTON ROAD, WIDNES, LANCASHIRE 


HIGH SPEED STEEL ALLOYS LTD. 


Ditton Road, Widnes, Lancashire 
Telegrams : ALLOY, WIDNES Telephone: Widnes 2661 
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For the protection 


of Ferrous 


A few applications of the Calorizing Process 


CASE-HARDENING BOXES AND POTS - ANNEALING BOXES AND POTS 
SALT BATH POTS - CYANIDE BATH POTS - LEAD BATH POTS 
MOLTEN METAL CONTAINERS - PYROMETER PROTECTION SHEATHS 
RECUPERATOR AND AIR HEATER TUBES - FURNACE MUFFLES 
SUPERHEATER SUPPORTS - SOOT BLOWER ELEMENTS 

KILN PIPES AND CAPS - FURNACE DAMPERS 
LADLES FOR METAL POURING 

NITRATE OF SODA BATHS - RETORTS 

TUBES FOR WIRE ANNEALING FURNACES 

FURNACE HEARTH PLATES - FURNACE COMPONENTS 


Write for publication No. 1301/1 


THE CALORIZING CORPORATION OF GREAT BRITAIN LTD. 
LYNTON HOUSE, 7/12 TAVISTOCK SQUARE, LONDON, W.C.1. Tel : EUSton 4321 
Works : Renfrew & Dumbarton 


COMBUSTOR OPERATION 


The stable toroidal flow pattern ensures cool 
refractory walls and highly pre-heated combustion 
air. The unusually high temperature prevailing 

in the pre-heated air/oil flame gives completely 
smoke-free, neutral or controlled oxidising products, 
very near theoretical temperature. 


— 


PRE-COMBUSTORS | OIL GASIFICATION SA 


%* High temperature Exceptionally fine atomisation combined with 
with exceptional highly turbulent mixing and intense radiation r on. GASIFIERS 
turn-down provides a range of hot producer gases to choice, of furnace atmeephere 


* suitable for ducting to furnace ports. 
or * Soft, lazy radiant fiames 
Atmosphere control by or completely 
recirculation AUTOMATIC CONTROL combusted products 
%* Suppression of SO, Fully automatic control can be based * Any grade of fuel oll or 
formation on temperature, on atmosphere or on both. Burner coal tar fuel n 
% Complete absence of systems have press-button ignition and there is * Instantaneous response 


smoke and smut a flame failure control on each burner. * Continuous operation 


APPLICATIONS INCLUDE: melting and Re-heating Furnaces, Annealing Ovens, Core Stoves, Brick Driers etc. 
and the Auxiliary Firing of Waste Heat Boilers. 


For full details write 


9 5 Wadsworth Road Perivale' Middlesex Perivale 9511-6 
URQUHART is 19 6) LIMITED Albion Dockyard - Bristol 1 - Bristol 26221-3 
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SINTERING and BRAZING 
FURNACES LTD 


Head Office: 1242-130 EDINBURGH AVENUE, TRADING 
ESTATE, SLOUGH, BUCKS. Tel : SLOUGH 21143 & 24746 


Telegraphic address : SINTBRAZ SLOUGH 


@ ILLUSTRATION SHOWS A THREE ZONE 4” TUBULAR 

POWDER REDUCTION FURNACE WITH AUTOMATIC ENTRY AND 

EXIT, DOOR GAS FLUSHING VALVES AND AUTOMATIC TEMPERATURE 

CONTROL EQUIPMENT. TEMPERATURE RANGE 1000°C. USING LOW VOLTAGE HEAVY DUTY PLEMENT WINDINGS. 


Works: 183 LIVERPOOL ROAD, TRADING ESTATE, SLOUGH, BUCKS. 


FURNAGES FOR COIL 
SPRING MANUFACTURE 


Illustrated are some of the Furnaces in the 

Factory of Cockburn’s (Springs) Ltd., Glasgow. 

They consist of :- 
| Oven Furnace 6’x 6x4 0" 
Oven Furnace SO x4ox5 
Oven Furnace youl’ 10° x40 
| Bar Heating Furnace 
1! Lead Tem 
2 Blacksmi 

All are fired by town’s gas. 


DOWSON & MASON MANUFACTURE: 
Galvanising, Tinning and Lead Bath Furnaces ; 
be and Rod Baking Ovens ; 
h Capacity Continuous Wire Patenting 
a Annealing Furnaces. 
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Telephone HEATQN MOOR 6251 (5 tines): Gavity, Manchester 


ATTACHMENT CAMERA 
for 


PHOTOMICROGRAPHY 


economi 
and efficient 
TEMPERATURE 


69/71 MORTIMER ST - LONDON W.1 
Pre-eminent for more than a century 


ANDREWS 


LIMITED 


COMPANY 


HIGH-GRADE STEEL MAKERS 


HIGH SPEED STEELS 


{ 
MONARCH” coup steels 


“HELVE” Ponies. de 


Deperwmen 
THE HARDENITE STEEL COMPANY LIMITED | 


Telephone 
SHEFFIELD 22131 
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SILICON MANGANESE e ALUMINIUM 
NICKEL e NICKEL ALUMINIUM e BORON 
TITANIUM CHROMIUM RUTILE COPPER 


Since 1869 Blackwells have been recognised 
pioneers in Metallurgical development. 

Their Technical Advisory service is unique, 
and your enquiries on your particular problems 
are invited. Get in touch today with :— 


BLACKWELLS METALLURGICAL WORKS LTD. 


Thermetal House, Garston, Liverpool |? 
"Phone: Garston 980 "Grams: Liverpool 


FOR ALL TYPES OF 


HEAT TREATMENT 


CONSULT 
ABBEY HEAT TREATMENTS LTD. 


(A.L.D., Min. of Supply and other Govt. Depts.) 


PLAZA WORKS, MERTON HIGH STREET 
LONDON, S.W.1!9 
Phone: CHErrywood 2291/2 
We collect and deliver in the London area 


A.R.B., D.G.1., APPROVED 


BRIGHT ANNEALING co BRIGHT HARDENING 


Steel & Copper Pressings, Bolts, Bolts, Springs, and also 
Strip and large components up to 4ft. large components up to 3ft. 


CASE HARDENING Wy LIGHT ALLOYS 
up to 4ft. Gin. 

Gas Carburizing, Carbo-nitriding, Solution and Precipitation 
High Frequency, |OkVA up to 


Selected controlled atmospheres for all purposes 
LABORATORY SUPERVISION = LOCAL DELIVERIES 


ELECTRO HEAT TREATMENTS LTD., 


Bull Lane, WEST BROMWICH, Staffs. 
Telephone No. Wes. 0584 - 0756. 


you need a FRANKLIN-DINE OIL BURNER to achieve immediate economy in 
oil fuel. Whatever the consumption, from jth to 150 gallon per hour 


there is a FRANKLIN-DINE OIL BURNER to give 


increased Oil economy at lower maintenance cost 
Write to-day for full particulars 


for all furnaces 


Manufacturers of 
INDUSTRIAL FURNACES AND O!L BURNING EQUIPMENT 
FOR ALL PURPOSES 


FRANKLIN FURNACE CO. LTD. 


BAKER STREET, SPARKHILL, BIRMINGHAM, II. 
Phone: ViCtoria 2579 
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W COPPER CONDUCTORS 


for rotor 


and stator 


of direct-cooled 
i alternators and 
~ ether electrical 
equipment. 


The photograph shows a completed generator rotor manufactured 
by C. A. Parsons & Company Ltd., in which Bolton's hollow 
copper conductors have been used in the end windings. The rotor 
is being removed from the high speed generator which is part of 
a 200 MW cross-compound turbo-generator for the Richard 
L. Hearn generating station, Toronto, Canada. 


THOMAS BOLTON & SONS LTD 


Head Office: MERSEY COPPER WORKS, WIDNES, LANCASHIRE, Telephone: Widnes 2022 
London Office & Export Sales Department: 168 Regent Street, W.1. Telephone: REGent 6427 


Photograph by courtesy of 
C. A. Persons & Co. Ltd., 


have you a problem to do with 
metal preparation, rust removal 
or corrosion prevention? 

YOU HAVE? then read on.... 


WESTOLITE Rust Remover 


This is supplied in two forms: liquid and thixotropic. The former is recom- 
mended for dipping batches of ferrous metal goods. It is a particularly 
efficient phosphating material which combines effectively with the surface 
metal to produce a protective non-rusting layer. Thixotropic Westolite has 
been developed for use on industrial plant, structural steelwork, and in 
situations where immersion is precluded. In the form of a gell, Thixotropic 
Westolite becomes temporarily free-flowing when applied with a brush but 
after application resumes its paste-like consistency. Advantages include, 
adherence to vertical surfaces, no drips and no wastage. Technical details 
available on application. 


FERRIC SULPHATE 


As a pickling agent results in rapid, clean and fume 
free method of descaling stainless steel, copper and 
brass and an improved method of etching mild 
steel surfaces prior to coating. Non-fuming, non- 
toxic,safely handled. Full technical details available 
on application. 


E. & A. WEST LTD. also manufacture or supply 2 whole range of 
industrial chemicals including Dipping Acid, Nitric Acid, and 
Hydrofluoric Acid. Full details on request. ~ norm. 


TECHNICAL ADVISORY SERVICE 


E.& A WEST LTD., can provide the answer 
to most problems relating to the preparation 
of metal surfaces, rust removal and corrosion 

revention. Our Technical Advisory Service 
is at the disposal of industry and will be glad 
to get to grips with your particular problem. 

‘The answer may even be in their impressive 

library of “case histories”, so do not hesitate 

to call them in. The service is quite free and 
non-obligatory. 


E.& A. WEST LIMITED., 


Parcel Terrace, Derby. Telephone: Derby 45008. a na 
WEST 


CHEMICALS FOR INDI STAY 
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Efficient quenching is controlled 
quenching and that is why the 
usage of ALMARINE quenching 
oils backs up the experience of the 


operator. Take ALMARINE (ict QUENCHING 
No. 2 Grade for example, with ie a 
flash test figures that indicate | under our thumb 


absolute safety, it gives a rapid 
cooling rate immediately after 
immersion, cools more slowly 
during the so-called “tempering” 
stage and very slowly after 400°C. 
has been reached. Where the main 
emphasis ison cyanide-hardening, 
ALMARINE No. 3 Grade is just 
as reliable, whilst it is equally 
suited to the quenching of case- 
hardened parts produced by solid 
carburisers. May we send you 
further details of these oil *y Ke 

quenching media ? 


QUENCHING 


FLETCHER MILLER LTD . ALMA MILLS . HYDE . CHESHIRE 


Telephone : HYDE 3471 (5 lines) Telegrams: EMULSION, HYDE 


HT 3 


DENISON UNIVERSAL 
TESTING MAGHINES 


10-50 TONS CAPACITY 


These multi-capacity Self-Indicating Universal Testing 
Machines embody many outstanding features. The load is 
accurately measured through knife-edged weighing levers and 
all controls are conveniently grouped so that operators find 
these machines a pleasure to handle. 

The New 28PH Autographic Stress-Strain Recorder is a con- 
siderable advance on the general methods for the production of 
graphs showing the behaviour of the specimen under test. The 
high magnification Patent Mechanical Extensometer operates 
direct from the specimen. 

No. 36 Load Pacing Disc with an infinitely variable range of 
speeds on any capacity range can be fitted where it is desired to 
load at a constant rate. 

May we send you further details ? 


SAML. DENISON & SON LTD. 


a . i HUNSLET FOUNDRY * MOOR ROAD * LEEDS 10 

A Denison Model T42B Universal Testing Machine at the lab- Tel : Leeds 7-5488 Grams : ‘Weigh Leeds 17 

oratories of John Holroyd & Co. Lid., Holfos Works, Rochdale. Arca Offices ox  GIRMINGHAM MANCHESTER LEEDS 
Photograph shows the Patent Mechanical Extensometer being used. 
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Do your nuts and bolts 
need HARDENING 


For loadings 
from 120 Ibs/hr 
| to 450 Ibs/hr 


Incorporating the most up-to-date design for automatic 
heat treatment of small components, e.g. nuts, bolts, 


springs, washers, etc, standard size 
LOW IN CAPITAL COST, EASILY MAINTAINED SHAKER 
Write for new Shaker Hearth descriptive literature A RTHS 


THE FURNACE CONSTRUCTION CO. LTD. ~ yo 
21 St. James Road, Dudley, Worcs. _Tel.: Dudley 54649 & 53751 ™ 


SEM! SILICA + STOURBRIDGE FIREBRICK + ALUMINOUS 

FIREBRICK + HIGH ALUMINA «+ SILLIMANITE «+ FIRE BRICK 

INSULATION + HIGH TEMPERATURE INSULATION + JOINTING 

MATERIALS ° AIR-SETTING CEMENTS ° CASTABLES 
MOULDABLES 


Technical details and prices of all grades available on request. 


E. J. & Jj. PEARSON LTD. FIREBRICK WORKS, STOURBRIDGE 
Telephone : Brierley Hill 77201 


| j 
F.C. 
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FURNACES 


for 


Forging 


Metal Melting 
Metal Holding 


Annealing 
Carburising 
Mould Heating 


Other products include— 
Gas Plant, Heat Exchangers 
High Velocity Oil and Gas 
Burners 


18” x 3” Recuperative 
Gas Fired 
Slot Force Furnace 


INDUSTRIAL FURNACES LTD. 
KINGSWINFORD STAFFS ENGLAND 


MECHANICAL WORLD YEAR BOOK 
for 1961 


Whilst the use of standard measuring instruments and gauges remains common practice in production engineering, impor- 
tant advances have been made in recent years and the time seems opportune for putting the now numerous methods into 
a reference framework, as it were, so that their scope and relationship may be readily appreciated. Accordingly in this 
edition of the MECHANICAL WORLD YEAR BOOK we present a series of tables and notes summarising under specific 
headings the available methods for direct and comparative measurement. 


360 pages ILLUSTRATED 5/- NET (by post 5/9) 


BRIEF OUTLINE OF CONTENTS 


PRECISION MEASUREMENT Boiler Mountings, estes, | and Instruments . 
Press Work . Trigonometrical ratios 


The Use of Cold-formed Sections in Structural Onin Toothed Gearing Decimal Equivalents of £1 


The Design of Gas Turbine Plants . Production of Gears . ' ; ‘ Metric and British Conversion Tables 
British Weights and Measures . 


Ferrous Alloys . TABLES : Equivalents of imperial Metric Weights and 
Non-Ferrous Alloys Measures . 
Bearing Metals . Steam and Thermometric Hydraulic Equivalents 
Heat Treatment . Pipes and Tu Displacement Table . , 
Hardness Testing Standard Gauges Pressure and Head of Water . 
The Light Alloys ‘ Screw Threads . ‘ Weight and Specific Gravity of Miscellaneous Solids 
Plastics . Tapers . Brassfounders’ Metal Mixtures. 
A Review of Progress in the Steam Cycle and the Tolerances and Fits. ° : Babbitt Metal 

Performance of Steam Turbine Plants. : V-ropes, Ropes, Belts and Keys Selected British Standards relating to Mechanical 
Metal Finishing .- ; Strength and Properties of Plates, Bars, Sections, etc. Engineering . 
Horse-power per 100 ft. of Horizontal | Conveyor Physical Properties of Materials Calendar for 196! : 
Lubricating Oils . ; ‘ Weight Calculating Tables Export Credit Guarantee Dept. 
Machine Tools . Decimal Equivalents . Classified Buyers’ 
Pumps : Their Choice and | Driving ; Radius (Corner) Area Index to Tables . 


Steam Boilers Price Equivalents 


Copies may be ordered now through any bookseller or direct from the Publishers, 
EMMOTT & CO. LTD., 31 King Street West, Manchester 3 ; and 158 Temple Chambers, Temple Avenue, London, E.C.4 
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SITUATIONS VACANT 


COMMONWEALTH OF AUSTRALIA 


DEPARTMENT OF SUPPLY 
DEFENCE STANDARDS LABORATORIES, MELBOURNE 


Applications are invited for positions of : 
HIGHER SCIENTIFIC OFFICER 


SALARY: £2,005-£2,265 (Australian Currency) in the following two 
categories :— 


CHEMISTRY OF METALS 


DUTIES: Research into chemical aspects of the properties of metals and 
alloys, especially those which have been highly refined. QUALIFICA- 
TIONS: Honours degree with Chemistry as a major subject. Some 
relevant experience an advantage. 


ELECTRODEPOSITION 


DUTIES: Investigational work in the field of electrodeposition. This 
includes studies on electrode reactions, structures and properties of 
electrodeposits, alloy deposition and electrowinning of pure metals. 
QUALIFICATIONS: Honours degree in Engineering or Science with 
Chemistry or Metallurgy as a major subject. 

NOTE: Applicants who do not have the necessary experience may initially 
be appointed as Scientific Officer, Grade I (£1,510-£1,895) and at a later 
date may be promoted to Higher Scientific Officer. 

TRAVEL: Under specified conditions, first class air/sea transport for the 
appointees and dependants (wife and dependant children) will be pro- 
vided by the Commonwealth. 

CONTRACT EMPLOYMENT: If desired by the successful candidates, 
consideration may be given to entering into an agreement for a three (3) 
or five (5) year contract of employment in Australia. In this case the 
Commonwealth will bear the cost of return fares ; together with the cost 
of removing the successful applicants’ furniture and effects up to a maxi- 
mum cost of £500 (Australian), £250 each way. 

APPLICATIONS : Forms obtainable from Senior Representative (AV 81/11), 
Department of Supply, Australia House, The Strand, London, W.C.2, 
with whom completed applications should be lodged as soon as possible. 


ENGLISH ELECTRIC COMPANY LIMITED 
STAFFORD 


A senior vacancy exists in the Chemistry Department of the Nelson Engin- 
eering Laboratories. The work involves development and special investiga- 
tions into chemical aspects and properties of materials used in the manufacture 
of electrical engineering equipment. 


Applicants for this post should hold a Higher National Certificate in Chem- 
istry or an equivalent and have experience in analytical investigations. 


Applications stating qualifications, age and experience should be sent to 
Dept. G.P.S. English Electric House, Strand, London, W.C.2, quoting ref. 
MI1214A. 
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SITUATIONS VACANT continued 


SHIFT ANALYSTS FOR STEEL 

FOUNDRY (2 posts) (Non-Technical 
Class Grade III) at the ROYAL ORD. 
NANCE FACTORY, PATRICROFT. 
Duties: Metallurgical analysis associated 
with steel production, involving shift 
work. Applicants should have some 
experience of chemical analysis and 
experience of analysis of steel and/or 
steelmaking materials is preferable. Kate 
of pay : £655 (age 27)-£810 p.a. Applica- 
tions should be submitted to the Superin- 
tendent, Royal Ordnance Factory, Patri. 
croft, Eccles, Manchester. 
ASSISTANT METALLURGICAL 

CHEMIST required for Work’'s Lab- 
oratory in East of Scotland. A working 
knowledge of ferrous and non-ferrous 
metal analysis also experience in routine 
control of electro-plating solutions desir. 
able. The applicant should have H.N.C. 
or equivalent in Chemistry or Metallurgy. 
The post offers a good commencing salary 
and excellent prospects of advancement. 
Excellent working conditions. Apply 
Box No. MB101, Merativreia, 31 King 
Street West, Manchester, 3. 


LONDON TRANSPORT 

NEW RESEARCH LABORATORY 
LONDON TRANSPORT is expanding its 
scientific activities and the new research 
laboratory at Chiswick is now in occupa. 
tion. Applications are invited for the 
following vacancy : 

SCIENTIFIC ASSISTANT, CLASS I 
(SALARY RANGE, £1,140-£1,320 p.a.) 
or 
SCIENTIFIC ASSISTANT, CLASS II 
(SALARY RANGE, £670-£1,028 p.a.) 
METALS SECTION. Applicants should 
be metallurgists with particular experi- 
ence in metallography and physical 
testing. Experience in radiographic ex- 
amination of metals would be an advan. 
tage. The ability to prepare clear and 

concise reports is essential. 

Candidates should have a First or 
Second Class Honours Degree or an 
equivalent qualification. Appointment 
would be within the above scales accord- 
ing to experience and qualifications. 


VALUABLE FREE TRAVEL, FIVE. 
DAY WEEK, STAFF DINING ROOMS, 
SPORTING FACILITIES, CONTRIBU.- 
TORY SUPERANNUATION AFTER 
PROBATION, MEDICAL EXAMINA.- 
TION. 


Applications to Staff and Welfare 
Officer, LONDON TRANSPORT, 55 
Broadway, quoting reference 
114/F/10. 

CHEMIST 
A CHEMIST is required to take 
charge of a small team in connection 


with developments in the field of 
Nuclear Marine Propulsion Machinery. 


A good degree in chemistry will be a 
suitable qualification, and the succeas- 
ful applicant will be -equired to under 
take responsibilities in connection 
with the chemical control and mainten- 
ance of pressurised water reactor 
systems, including radio chemistry. 
Whilst previous experience will be an 
advantage, this is not essential as 
training can be given. 


Applications giving full details of 
qualifications and training, should be 
forwarded to : 


3 
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| 
The Chief Chemist, 
VICKERS-ARMSTRONGS 
(ENGINEERS) LTD., 
Barrow-in-Furness, Lancashire | 
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CLASSIFIED ADVERTISEMENTS 


SITUATIONS VACANT—continued 


RICHARD THOMAS & BALDWINS LIMITED 


SPENCER WORKS 


Applications are invited for the following three senior appointments in 
the Quality Control Department at the Spencer Works, now under construc- 
tion at Llanwern, near Newport, Mon. 


CHIEF CHEMIST 


who will be responsible for the chemical aspects of quality control and 
development, covering the sampling and analysis of raw materials, semi- 
finished and finished products. 


CHIEF QUALITY INSPECTOR 


who will be responsible for quality control aspects of plant processing. 
This involves the organisation of an observer force throughout the Works, 
the design and interpretation of observations taken, and the utilisation 
of data for the greatest benefit to the Works. 


CHIEF METALLURGIST 


who will be responsible for the metallurgical aspects of quality control 

and development in all facets of production and processing. 

Together these three appointments will form the basis for an integrated quality 
control system extending throughout the Works when production is started. 

In the early stages, persons appointed wili be involved in recruiting and 
training staff, purchasing equipment, and developing control systems. 
Arrangements will be made for any training that successful applicants may 
require in order to’ fit them for these tasks, and full advantage will be taken 
of modern developments in equipment and data-handling techniques. 

Persons who have applied for any of these posts need not re-apply, as all 
applications already received will be considered. 

Application forms, which must be returned by January 7th, 1961, can 
be obtained from— 

The Manager, Staff and Labour Relations Dept., 
RICHARD THOMAS & BALDWINS LTD., 


Spencer Works, Llanwern, Nr. Newport, Mon. 
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SWINDON 


requires a PRODUCTION MANAGER 
fora Modern Permanent-Magnet Foundry 


The process involves precise control of complex alloy 
composition, precipitation-hardening and anisotropic 
treatments, and final physical dimensions. Potential 
output of the plant is several hundred thousand 
magnets per week, and the products have technical 
applications in many electrical and electronic fields. 


The metallurgy and physics of the operation are well established. The 
Manager of the plant now requires a qualified Mechanical Engineer with 
experience of modern high-grade foundry production, who will organise and 
supervise all production and labour aspects and achieve maximum efficient 
output of a “ professional ’’ product. 

The assignment will be a stimulating and challenging one to an engineer of 
calibre. A generous starting salary will be paid. The Company operates a 
Staff Pension Scheme. 

Replies, which will be treated in strictest confidence to A. M. Brown, 
Executive Director (Personnel), The Plessey Company Limited, Vicarage 
Lane, Ilford, Essex, quoting reference 6204/162. 


SITUATIONS VACANT—continued 


QUALIFIED 
METALLURGIST 


aged about 32, required for well- 
equipped Research Department of 
large copper and copper alloy manu- 
facturer, situated in a country district 
in the North Midlands. The Depart- 
ment is responsible for both research 
and control of materials throughout 
the works. Immediate duties will be 
on investigation and development of 
existing and new processes in the 
works. Good prospects of advance- 
ment to senior position for a man 
with drive and initiative, and able to 
control staff. Previous experience, 
preferably in copper and copper alloy 
manufacture, is essential. 

Applications, giving details of 
qualifications and experience, should 
be addressed to Box No. MAI100, 
METALLURGIA, 31, King Street West, 
Manchester, 3. 


OO 


McKECHNIE BROS. SOUTH AFRICA 

(PTY.), LTD. require a General 
Works Manager for its subsidiary Com- 
pany, African-French Metal Holdings, 
who are producers of aluminium extru- 


| sions, sheet and strip. The successful 
| applicant should be fully experienced in 


all aspects of works management concern- 
ing extrusion and rolling. House available 
—pension and medical aid schemes—-free 
passage. Applications will be treated as 
** Confidential ’’ and should be addressed 
to Administration Director, McKechnie 
Bros., Ltd., Head Office, P.O. Box 15, 
Widnes, Lancs. 
BRITISH RAILWAYS 
London Midland Region 
require a 
WORKS METALLURGIST 
at Derby Locomotive Works 
Must have served an approved Appren- 


| ticeship in an Engineering Works and 


have an up-to-date knowledge of materials 
and processes used in modern Engineering 
Workshops and Foundries. A _ sound 
knowledge of metallurgy essential. Teeh- 
nical qualifications an advantage. 

Salary £925 per annum, rising after two 
years to £1,000 per annum. 

Residential and other travelling facili- 
ties. Superannuation scheme. 

Apply to :— 

Chief Mechanical and Electrical Engin- 
eer, British Railways, London Midland 
Region, Nelson Street, Derby. 


ASSOCIATED ELECTRICAL INDUS. 
“ TRIES, LTD. require ANALYTICAL 


CHEMISTS with experience of inorganic 
| and metallurgical work, for a laboratory 


handling a wide range of materials, at the 
Research Department at Trafford Park. 
These are staff appointments, quali- 
fying for the Company's pension scheme. 
Five-day week, finishing 4.30 p.m. Fri- 
days. Please write for application form 
quoting reference H.17 to : ‘ 
Personnel Manager, Associated Electrical 
Industries (Manchester) Ltd., Trafford 
Park, MANCHESTER, 17. 
ANGAMO WESTON, LTD. require an 
Assistant for the Metallurgical Section 
of their Engineering Department. Duties 
will include spectrographical analysis and 
X-ray. Applicants should write giving 
full details of their training and experi- 


| ence to the Personnel Manager, Sangamo 


Weston Ltd., Cambridge Road, Enfield, 
Middx. 
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CLASSIFIED ADVERTISEMENTS. 


SITUATIONS VACANT — continued 


equivalent advantageous. 


include foreign travel. 


“ Confidential D.33.” 


THE MOND NICKEL COMPANY LIMITED 
requires 
for development work in the ferrous field 
STEELMAKER-METALLURGIST 


with full practical melting-shop experience in the production of alloy steels, 
preferably, including the austenitic stainless types. 


The successful candidate will be located in London, but his duties will 
Pension and assurance schemes are in operation and, 
in appropriate cases, assistance can be given for housing. 

Applications, which will be treated in confidence, should give details of age, 
qualifications, experience, salary required, etc. 
The General Manager, Development and Research Dept., The Mond Nickel 
Co., Ltd., Thames House, Millbank, London, 8S.W.1. 


University degree or 


They should be addressed to 


Please mark envelope 


ASSISTANT 
METALLURGIST 


This newly created position will be of interest to honours 
graduates with considerable practical experience ; knowledge 
of welding and allied joining processes would be an advantage. 
This post has arisen through the planned expansion pro- 
gramme and offers considerable prospects for future advance- 


ment. 
An excellent salary will be paid together with 
attractive conditions of service. Write giving full 
details of career and present salary to :— 
Employment Officer (M/K3797), 
THE BRITISH OXYGEN COMPANY LTD., 
Angel Road, Edmonton, London, N.18. 
| 
ALCAN MANCHESTER 
EDUCATION COMMITTEE 
| CENTRAL TECHNICAL COLLEGE 
require a ttl Anolicati 
WORKS lh, Applications are invited for an Assistant 
%, to teach Metallurgy. The courses in 


ALCAN 


at their Rogerstone, Nr. Newport, Mon. 
factory for the Plant Control Department. 

25 to 30. University degree or 
equivalent qualification essential. Experi- 
ence with aluminium an advantage. 
Write for an application form to Person- 
nel Officer, Alean Industries, Ltd., Bush 


House, Aldwych, London, W.C.2. 


METALLURGIST 


(A member of the Aluminium Lid., of | 
Canada group of Companies). 


| 
ETALLURGIST required for Labora- | 
tory studies on the behaviour of | 
steels in Hot Working processes. Gradu- 

ate or Equivalent qualification. Prefer- | 
ence towards candidates with a research | 


bias, but experience not essential. Please | 


ply to The Director, Tube Investments 
echnological Centre, The Airport, Walsall. 
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Metallurgy are at present provided in 
the Manchester College of Science and 
Technology and will be transferred even- 
tually to the new M»nchester Central 
Technical College. 

An Honours Degree or A.I.M., with 
industrial or research experience, is 
desirable. The applicants should prefer- 
ably be prepared to teach Physical 
Metallurgy or Metallurgical Analysis, 
although candidates with interests in 
other subjects are invited to apply. 

Salary, Assistants scale Grade “B” 
of the Burnham Further Education 
Report, 1959, men £700 « £27 10s. Od. 
£1,150, with additions for graduateship 
and training. Starting salary according to 
previous industrial and teaching experi- 
ence. 

Forms and particulars (s.a.e.) from 
Chief Education Officer, P.O. Box 480, 
Manchester, 3, returnable by December 
28th, 1960. 


SITUATIONS VACANT —continued 
URANIUM RESEARCH 

Uranium, with its variety of crystalline 
forms and abnormal properties, is one 
of the most challenging materials ever 
used in a large industry. 

ATOMIC ENERGY RESEARCH 
ESTABLISHMENT, HARWELL 
invites SCIENTISTS who appreciate 
working on stimulating problems to join 
the METALLURGY DIVISION to work 
on the physical metallurgy of uranium 
and its alloys. The work ranges from the 
development of new alloys for reactor 
fuels to fundamental research on the 
reasons for the peculiar behaviour of this 

metal. 

Experience with uranium is not essen- 
tial as the principal requirement is a keen 
and fresh mind together with ideas and 
techniques of physical metallurgy. How- 
ever, a good second class honours degree at 
least is required. 

STARTING SALARY: £1,365-£1,675 
p-#. according to experience. 

Send POST CARD for details to Per. 
sonnel Manager (1775/126), A.EB.R.E. 
Harwell, Didcot, Berks. 


F,XPERIENCED MAN WANTED to 

take charge of electro-plating and 
metal finishing department. This is a 
senior position in a large precision engin- 
eering company in East Scotland, Appli- 
cants must have a sound technical back- 
ground and extensive experience in all 
aspects of electro-plating and metal 
finishing. It is also important that the 
applicant has good administrative ability. 
Salary will be in accordance with experi 
ence and qualifications. Apply Box No. 
MB102, Metarivrora, 31, King Street 
West, Manchester, 3. 


SSISTANT METALLURGIST 
required. Must be experienced Metal - 
lographer and capable of producing own 
reports. Preference will be given to one 
having academic qualifications, together 
with all-round experience. 
Write giving details of age, experience 
and qualifications to 
Personnel M > 
Ambrose Shardlow & Co., Ltd., 
Ealing Works, 
Meadow Hall, 
SHEFFIELD, 9. 


SPICER’S ZIRCONITE 
MACHINABLE REFRACTORY 
@ SOLVES A LOT OF PROBLEMS 
@ SAVES A LOT OF TIME 
Machinable Al flow hob! 


W. & C. Spicer Ltd., The Grange, Kingham, Oxon. 
TELEPHONE: KINGHAM 307 


METALLOGRAPHIC 
MOUNTING MEDIUM 


N-H.P. Mounting Plastic, a cold-curing 
acrylic resin, permite the rapid mount- 
ing cf metallographic specimens without 
the aid of heat or pressure. 
It calls for the minimum of equipment 
and skilled attention and yet gives « 
close, tight mount, capable of a high 


degree of edge preparation. 
Used routinely by many leading manu- 
facturers. Full details on uest to the 


makers: NORTH HILL PLASTICS, LTD. 
MANLEY COURT, LONDON, N.16. 
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KING PORTABLE BRINELL BARBEESS Lge FOR LOADS UP TO 3,000 KILOS, BY 


FOUNDRY SUPPLIERS LTD., 25A, COCKSPUR STREET, LONDON, S.W.1. 


KING TESTER CORP. 
PHILADELPHIA U.S.A. 


In any position 
anywhere 
the King Portable is 
Always Accurate 
FREE 
demonstration at your works 
on request 


Phone: TRA 1141 
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From experience Gibbons “H.T 1” insulating refractory is the auto- 

matic choice of leading furnace manufacturers and users — its 

combination of low thermal conductivity with resistance to high 

temperatures has proved remarkably effective in minimising heat 

losses and raising furnace outputs. The Gibbons “‘H.T 1”’ is developed 

from more than 20 years’ experience in eT : 
the manufacture of insulating refractories We 
and today an entirely new and original NI 

manufacturing technique enables us to ; 
offer material having unique physical 


properties at a price you can afford to pay. INSULATING REFRACTORIES 


Refractory Insulating Concrete - Concrete Aggregates - Super-Plastic Jointing Cements - Surface Coating Cements 
Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. Telephone: 5514! mw. 126 


‘ 


TIPTON” 


HALE. HAL DUDLEY PORT Stl 


GRAMS: “HALEFO’ TIPTON \ PHONES: TIPTON 1671/5 


Producers of FINEST BLACKHEART MALLEABLE IRON CASTINGS 
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